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1.0 


PURPOSE 


The purpose of this report is to provide the 316(b) demoistra

tion required by the California Regional Water Quality Cmtrol 

Board, San Diego Region (RWQCB-SD), under the Federal Water Pol

lution Control Act, as amended 1972, for the cooling wat3r in

take of the Encina Power Plant in Carlsbad, California, 3perated 

by the San Diego Gas & Electric Company (SDG&E). 

1.1 GENERAL REGULATORY REQUIREMENTS REVIEW 

The relevant regulatory requirements pertaining to zooling 

water intake technology have their basis in federal law. Init

iated by the Federal Water Pollution Control Act (PL84-650) of 

1956 and modified and amended by the Water Quality Act (PL89

234) of 1965, the Clean Water Restoration Act (PL89-753) of 

1966, the Environmental Quality Improvement Act (PL91-22&) of 

1970, the Federal Water Pollution Control Act Amendments (PL92

500) of 1972, which entirely replaced the language of tFe pre

vious Act, and subsequent amendments (PL93-207, 1973; PI93-243, 

1974; PL93-592, 1975; PL94-238, 1976; PL94-558, 1976; PI95-95, 


1977), this law, more popularly called the Clean Water Bct, and 


hereinafter referred to as the Act, presents specific gcals and 


policy: 


0 The objective of the Act is to restore and maintain . 

the chemical, physical and biological integrity of 


the Nation's waters. 


1-1 




0 In order to achieve that objective, ''water quality 

which provides for the protection and propagation 


of fish, shellfish and wildlife and provides for 
recreation in and on the water . . .t l  , is a goal, 

wherever attainable, by July 1, 1983. 


e A further goal is that "the discharge of pollutants 

into the navigable waters be eliminated by 1985. 

Title I11 of the Act (Standards and Enforcement), contains 


Sections 301 (Effluent Limitations), 306 (National Standards of 


Performance) and 316 (Thermal Discharges) which contain require


ments relating to steam electric power plants: 

0 Section 301 sets July 1, 1983 as the deadline for 

achieving the best available technology economically 

achievable for point source discharges, which will 

result in reasonable progress toward the goal of 

eliminating the discharge of all pollutants. 

0 	 Section 306 charges the Administrator of the Environ

mental Protection Agency (EPA) with establishing 

standards of performance for steam electric power 

plants and other discharge source categories. This 

section further allows each state to develop and 

submit to the Administrator a procedure under state 

law for applying and enforcing standards for sources 

within that state. 
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0 	 Section 316, in particular 316(b), states "hy 

standard established pursuant to Sections 301 or  

Section 306 of this Act, and applicable to a poiit 

source, shall require that the location, design, 

construction, and capacity of cooling water intate 

structures reflect the best technology available 

for minimizing adverse environmental impact." 

The. State of California through its State Water Resmrces 

Control Board (SWRCB) is authorized by EPA to administer the 

enforcement of all of the above standards. 

By its letter of September 30, 1977 the RWQCB-SD requested 

study proposals for 316(b) Intake Water Studies within 91 days. 

Study plans submitted by SDG&E, with their letter of Decmber 

21, 1977, were identified as tentative and subject to RWJCB-SD 

staff review. Discussion and revision of these preliminiry 

plans proceeded throughout the period until SDG&E's lettzr of 

October 13, 1978 provided a revised 316(b) study plan f o r  the 

Encina Power Plant. In its letter of November 17, 1978 IWQCB-SD 

acknowledged acceptance of this revised study plan. Tha: plan 

was the basis of studies reported herein. The study approach 

has involved a year-long baseline study, a comprehensive review 

of alternate intake technologies, and environmental impazt 

assessment of the intake technologies. In the conduct oE these 

studies guidance has been sought and used wherever practicable 

from the following documents: 
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0 Recommendations for the Conduct of 316(b) Studies 

in California (SWRCB, April 1977). 


0 Guidance for the Assessment of Power Plant Entrain

ment Effects on Aquatic Life (SWRCB, June 1977). 


0 Development Document for Best Technology Available 

for the Location, Design, Construction, and Capacity 


of Cooling Water Intake Structures for Minimizing 


Adverse Environmental Impact (EPA, April 1976). 


0 Guidance for Evaluating the Adverse Impact of 

Cooling Water Intake Structures on the Aquatic 


Environment: Section 316(b), PL92-500 (EPA, 


May 1, 1977). 

Data from this study and from other available sources have 


been analyzed to meet the demonstration objectives. 


1.2 OBJECTIVES OF THE 316(b) DEMONSTRATION 


The objective of the 316(b) demonstration is to determine 


whether the existing intake structure reflects the best avail


able technology for minimizing adverse environmental impacts. 


This objective will be accomplished in part by evaluating the 


capability of various alternative intake technologies to mini


mize adverse environmental impacts. 


a
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2.0 


INTRODUCTION 


This section provides general background information and des


criptive material relating to the power plant location aid the 


demonstration document. 


2 . 1  GENERAL BACKGROUND 

Information which describes the location, the plant and its 


surroundings are incorporated in the following sections. 


2.1.1 Geographic Location 


The Encina Power Plant is located in the City of Ca:..lsbad 

on the southern California coastline, 81 miles south of :,os 

Angeles and 35 miles north of San Diego (Figure 2.1-1). At geo

graphic coordinates 33O8.2"; 1 1 7 " 2 0 . 2 ' W ,  the power plan. faces 

on the Gulf of Santa Catalina, a major offshore division of the 

eastern Pacific Ocean. 


2.1.2 -Site Description 

The plant is specifically located on a site of 680 *:cres 

just eastward of Carlsbad Boulevard, which separates it :'ram the 

;)E;ICII and shoreline (Figure 2.1-2). The coastline in thl site 

vicinity consists of  a sandy beach backed by bluffs risi1.g to 

heights of 40 to 80 feet except between the inlet of the sea  

to Agua Hedionda Lagoon and the plant discharge (Figure : .1-2) 

where no bluffs occur. The ocean floor offshore consist: of a 

s a n d y  bottom with scattered, flat, rocky reef out to watrra 
I .  2 - 1  
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depths of about 50 f e e t .  Most of t he  r ee f  a r e a s  provide sub

s t r a t e  f o r  ke lp  s tands  (Figure 2 .1 -2 ) .  The undersea topography 

i s  reasonably uniform, s lop ing  t o  about 10 fathoms (60 f e e t )  i n  

depth about 0 . 5  mi les  of fshore  of t h e  power p l a n t ,  and reaching 

100 fathoms (600 f e e t )  about 1 . 3  m i l e s  o f f s h o r e  where t h e  gen

e r a l l y  p a r a l l e l  t rending  bathymetric contours are indented by 

the  Carlsbad Canyon (undersea canyon). The o f f shore  waters  a r e  

a po r t ion  of t h a t  genera l  water volume descr ibed  by t h e  Southern 

Ca l i fo rn ia  Coastal  Water Research P r o j e c t  as t h e  Southern Cal i 

f o r n i a  B i g h t .  

To t h e  no r th  and e a s t  of t h e  p l a n t  s i t e  i s  t h e  Agua Hedi

onda Lagoon system comprised of t h r e e  segments i d e n t i f i e d  as 

the  o u t e r ,  middle and upper lagoons. This system has .average  

depths of 2-5 m and t h e  segments vary i n  a r e a  from 26 hec ta re s  

(66 ac re s )  f o r  t h e  outer  lagoon and 10 h e c t a r e s  (27 ac re s )  f o r  

t h e  middle lagoon t o  120 hec ta re s  (297 ac re s )  f o r  t h e  upper 

lagoon. Lagoon s u b s t r a t e s  c o n s i s t  of sand, sandy-mud and mud 

wi th  s c a t t e r e d  e e l g r a s s  beds (Figure 2 . 1 - 3 ) .  . 

The p l a n t  u t i l i z e s  seawater with once-through cool ing f o r  

i t s  cool ing water  system. The cool ing water  i n t a k e  s t r u c t u r e  

i s  loca ted  on the  southern po r t ion  of o u t e r  Agua Hedionda 

Lagoon and t h e  d ischarge  i s  through an across- the-beach channel 

i n t o  t h e  s u r f  zone of the  P a c i f i c  Ocean (Figure 2 .1-2) .  
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-- -2 . 1 . 3  Additional S t r e s s e s  on the  Water Body Segment 

Proceeding b o t h  north and south from the  Encina Powx P l a n t  

11 o the r  power p l an t s  and 13 sewage treatment p l a n t s  d i s i h a r g e  

i n t o  the  southern por t ion  of the  Sout.hern Ca l i fo rn ia  Big I t  

between Los  Angeles and the  Mexican border (Figure 2 . 1 - 1  . The 

c l o s e s t  discharge,  t h ree  miles t o  the  no r th ,  i s  t he  Oceaiside 

sewer o u t f a l l  ( 5  MGD) which 'extends 8640 f e e t  o f fshore  i i t o  

waters  120 f e e t  deep. To the  sou th ,  1 . 5  mi l e s ,  t h e  sewe: d i s 

charge o f  the  Encina Water Po l lu t ion  Control F a c i l i t y . ( l l  MGD) 

extends 7800 f e e t  o f fshore  i n t o  water depths of 168 f e e t  The 

next t w o  c l o s e s t  discharging f a c i l i t i e s  a r e  the  San E l i j )  Water 

P o l l u t i o n  Control F a c i l i t y  (30 PIGD) 8 . 3  miles t o  the  sou:heast  

and t h e  San Onofre Nuclear Generating S t a t i o n  ( 4 5 0  MW; 4jO MGD, 

increas ing  t o  2709 IW; 2790 MGD when Units 2 and 3 a r e  c)m

p le t ed )  about 18 miles t o  the  northwest .  The l a r g e s t  poJer 

p l a n t  present ly  opera t iona l  (Alamitos Steam P l a n t ,  2071 I I J ;  

1270 MGE) and the  l a r g e s t  sewage treatment p l an t  (Whi te ' ;  P o i n t ,  

371 MGD) a r e  i n  the  Los Angeles a rea  some 80 miles  t o  thz  nor th

west .  ?he l a r g e s t  discharge t o  t h e  south i s  from the  Po-r, t  Lorna 

Waste Water Treatment P lan t  (108 MGD) some 28 miles  d i s t m t .  

S t r e s s e s  on the waters of t he  Gulf of Santa C a t a l i n r ,  

introduced by the  var ious discharges would be those  re1a:ed t o  

increased temperatures from the  discharged cool ing water and the  

c o n s t i t u e n t s  of the  waters which remain a f t e r  t h e  primarr and 

secondary treatment processes f o r  sewage d ischarge .  The;e 

s t r e s s e s  a r e  both v a r i a b l e  ana t r a n s i e n t ,  t h e  major long term 

a 
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changes being related to deposition of sewer discharge constitu


ents on the ocean bottom. Temperature increases are not cumula


tive. The natural forces--wind,waves, tides, currents and the 


assimilative capacity of the oceans--work continuously to dissi


pate the heat introduced by natural or man-made sources. 


2.2 DESCRIPTION OF 316(b) DEMONSTRATION CONTENTS 

A brief review of what is contained in this demonstration 

is provided in the following sections. 

2.2.1 Facility Description 


Section 3.0 provides, in reasonable detail, a description 


of the Encina Power Plant, its present intake structure, and 


the essential information on the plant's operation. 


2.2.2 Master Demonstration Rationale
. .  I-.--

Section 4 . 0  of the demonstration presents the conclusions 

with respect to best available technology for the intake, based 


on the findings of the program. 


2.2.3 Physical Environment 


Included in Section 5.0 is a discussion of the existing 

physical setting--study area bounc aries, general hyc rography 

including current patterns--and analysis of offshore and lagoon 

circulation characteristics, particularly as they relate to 

source waters and their probability of entrainment. 
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2 . 2 . 4  -E,ological Environment 

Section 6.0 reviews the historical biological charaiteris

tics of the study area, discusses the selection of criti:al 


species on which the biological studies are centered and des


cribes in detail the biological findings within the sour:e 


waters. 


2.2.5 Impingement Study
-

Within Section 7.0 the findings of an intensive, tw-ce 

daily (336 consecutive days) collection program which de;cribes 


and evaluates the impingement of marine fishes and other orga


nisms at the traveling screens and bar rack of the plant are 


detailed. 


0 2.2.6 Entrainment Study 

Those activities of the study which dealt with coll1:ctions 

of plankton at the plant's intake structure, Section 8.0 are 

detailed in this portion of the demonstration. 

2.2.7 Entrainment Survival 


Seasonal studies of entrainment mortality, describirg the 


influence of the cooling water system on plankton passin) 


through it are presented in Section 9.0. 


2.2.8 Environmental Impact Assessment 

A n  analysis of the environmental impact of the prescnt 

,coolin"gwater intake structure is presented in Section 1(.0. 
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This analysis compares removal of fish by natural, commercial, a 
and recreational activity to those removed by the plant. 

2 . 2 . 9  Ecological Evaluation of Existing Intake System 

The ecological significance of the intake,location,design, 

construction and operation are presented in Section 11.0. 

2.2.10Alternate Technologies Available 


Section 12.0 reviews and describes a number of alternate 

intake technologies and documents the selection of potential 

alternate intake technologies considered as possible at the 

Encina location. This section also reviews both the engineer

ing and economic aspects of the potential alternate intake 

technologies. 

2 . 2 . 1 1  Environmental Assessment of Alternate Technologies 

The ecological significance of each of the alternate tech

nologies is reviewed in Section 13.0 and, through review of 

environmental benefits and cost/benefit analysis, the technolo

gies are ranked as to applicability f o r  the plant. 

2.2.12 Bibliography 


A l l  literature referenced, or considered applicable to 

this demonstration, are presented alphabetically, by author, 

in Section 14.0. 

2.2.13 Appendices 


The essential data developed during the program and sup


porting documentation are all provided in Section 16.0. 
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3 . 0  

DESCRlPTION O F  FACILITY ANT) EXISTING COOLING 

WATER I N T A K E  SYSTEM 

3 . 1  GENERAL D E S C R I P T I O N  

3 . 1 . 1  b w e r  P l a n t-

The San Diego G a s  & E l e c t r i c  ( S D G & E )  Enc ina  P o w e r  P l a n t  i s  

l o c a t e d  i n  t he  s o u t h w e s t  sector of the C i t y  of C a r l s b a d ,  C a l i 

f o r n i a ,  a d j a c e n t  t o  t h e  Aqua Hedionda Lagoon on  the P a c i ! i c  

Ocean ( F i g u r e  3 . 1 - 1 ) .  The g e n e r a l  l a y o u t  o f  t h e  Encina  l o w e r  

P l a n t  is shown i n  F i g u r e  3.1-2.  I t  i s  a n  o i l  and g a s  f u c l e d  

power p l a n t  ( e x c e p t  U n i t  5 which is o i l  f u e l e d  o n l y ) ,  c o r s i s t i n g  

o f  f i v e  s t e a m  t u r b i n e  q e n e r a t o r s  and one  g a s  t u r b i n e  g e n t r a t o r .  

The rated n e t  c a p a b i l i t y  i s  937 mw, composed o f :  U n i t  1, 100 

mw: U n i t  2 ,  102  mw; U n i t  3 ,  108 mw; U n i t  4 ,  287 mw; U n i t  5, 320  

0 

mw; and  t h e  gas t u r b i n e ,  20  mw. 

C o n s t r u c t i o n  of t h e  Encina  Power P l a n t  began  i n  195: and 

U n i t  1 began  c o m m e r c i a l  s e r v i c e  i n  1954. U n i t  2 w a s  p l a c e d  i n  

c o m m e r c i a l  s e r v i c e  i n  1956 and  U n i t  3 ,  i n  1958.  N o  f u r t l e r  

p l a n t  e x p a n s i o n  took  p l a c e  u n t i l  t h e  20 mw g a s  t u r b i n e  w z s  

i n s t a l l - e 3  i n  1968. I Jn i t  4 was comple t ed  and heqan  c o m m e i c i a l  

o p e r a t i o n  i n  J u n e ,  1973,  and U n i t  5 began  commercial o p e l a t i o n  

in November, 1978.  The re  a r e  no  p l a n s  for m a j o r  m o d i f i c z t i o n s  i n  

t h e  c a p a c i t y  of t h i s  power p l an t ,  i n  t h e  n e a r  f u t u r e .  

The U n i t s  o p e r a t e  i n d e p e n d e n t l y ,  b u t  share a s i n g l e  once-

t h r o u g h  c o o l i n g  i n t a k e  and d i s c h a r g e  s y s t e m .  Waste heat from the 

s t e a m  t u r b i n e  g e n e r a t o r s  i s  rejected t o  the ocean  by the c o o l i n g  
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w a t e r  sys t em.  The s y s t e m  c o n s i s t s  of the  f o l l o w i n g  p r i n c i p a l  

components :  ( a )  Agua Hedionda Lagoon ( F i g u r e  3.1-2), (b) the  

i n t a k e  s t r u c t - u r e  and t w o  i n l e t  t u n n e l s  ( F i g u r e  3 . 1 - 3 ) ,  ( c )  the 

i n l e t - screen s t r u c t u r e  ( F i g u r e  3.1-41, ( d )  f o u r  conveyance  

t u n n e l s  ( b r a n c h  t u n n e l s  1-4) ( F i g u r e  3.1-51, ( e )  the f i v e  pump 

i n t a k e s ,  (f) t h e  conveyance  s t r u c t u r e  of pump i n t a k e  4, (9) t he  

conveyance  s t r u c t u r e  t o  pump i n t a k e  5 ,  (h) the  c o n d e n s e r s ,  ( i )  

the  d i s c h a r g e  t u n n e l ,  (j) the  d i s c h a r g e  pond, a n d  (k) the d i s 

c h a r g e  c h a n n e l .  

3.1.2 L o c a t i o n  of I n t a k e  S t r u c t u r e  W i t h  Respec t  To 

S o u r c e  Water Body 

The m o u t h  of t h e  Aqua Hedionda Lagoon i s  the b e g i n n i n g  of 

the '  w a t e r  i n t a k e  sys t em.  The c o o l i n g  w a t e r  i n t a k e  s t r u c t u r e  

complex  i s  located approximately 2200 f e e t  from the  o c e a n  i n l e t  

t o  the l a g o o n .  V a r i a t i o n s  i n  the water s u r f a c e  due  t o  t i d e  are 

f r o m  a l o w  of -5.07 f ee t  t o  a h i g h  of +4.83 fee t  ( e l e v a t i o n  0 

b e i n g  mean sea l e v e l ,  m s l ) .  

3 . 1 . 3  L o c a t i o n  of I n t a k e  S t r u c t u r e  W i t h  R e s D e c t  To  

C o o l i n g  Water System 

The i n t a k e  s t r u c t u r e  is  located on t h e  l a g o o n ,  a b o u t  525  

f ce t  i n  f r o n t  of the g e n e r a t i n q  units. A d e t a i l e d  i l l u s t r a t i o n  

of t h e  c o o l i n g  w a t e r  system i s  shown i n  F i g u r e  3.1-5. 
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3 .1  . 4  1 i i t ake  S c r c e n i n q  and Trash Removal System-______-_- ~ 

F l o a t i n g  b o o m s  a r e  s i t u a t e d  i n  the l a g o o n  i n  f r o n t  c f  the  

c i r c u l a t i n g - w a t e r  i n t a k e  s t r u c t u r e  t o  r e t a i n  l a r g e  f l o a t i i g  

m a t e r i a l  washed i n  f r o m  t he  o c e a n .  The mouth of t h e  i n t a k e  

s t r u c t u r e  i s  49 f e e t  wide .  A s  t he  water  f l o w s  i n t o  the i i t a k e  

s t r u c t u r e ,  it p a s s e s  t h r o u g h  t rash r a c k s  ( m e t a l  bars about 3 1 / 2  

i n c h  a p a r t )  w h i c h  p r e v e n t  . p a s s a g e  o f  l a r g e  debris  ( F i g u r e  3.1-6). 

T h e  t u n n e l  t a p e r s  i n t o  t w o  12-foot wide i n t a k e  t u n n e l s .  F r o m  

t h e s e  t u n n e l s ,  t h e  cool i n q  w a t e r  e n t e r s  four s ix - foo t  w i d  2 conveyance  

t u n n e l s .  Coo l ing  w a t e r  f o r  conveyance  t u n n e l s  1 and  2 passes 

t h r o u g h  t w o  v e r t i c a l  t r a v e l i n g  s c r e e n s  t o  p r e v e n t  fish, g r a s s ,  

k e l p ,  and d e b r i s  f r o m  e n t e r i n g  pump i n t a k e s  1, 2 ,  and  3.  Conveyance 

t u n n e l s  :? and 4 c a r r y  c o o l i n g  w a t e r  t o  i n t a k e  4 and i n t a k ?  5,  

r e s p e c t i v e l y .  T r a v e l i n g  w a t e r  s c r e e n s  a re  l o c a t e d  a t  the in take  

of  pump 4 ( 2 )  and t he  i n t a k e  of pump 5 ( 3 ) .  

3 . 1 . 5  C o o l i n g  Water D a t a-
3 . 1 . 5 . 1  C a p a c i t y  ( r a t e d  pump(s)  f l o w ( s ) ) .  Each pump i n t f k e  

c o n s i s t s  of t w o  c i r c u l a t i n g  pump ce l l s  and one' or t w o  serJ ice  

pump ce l l s .  The r a t ed  c a p a c i t i e s  ( n a m e p l a t e )  of the c o o l i n g  

w a t e r  punips for each u n i t  a r e  l i s t e d  b e l o w :  

U n i t  1 - 48,000 gpm 

Uni t  2 - 48,000 gprn 

Un i t  3 - 45,000 gprn 

U n i t  4 - 200,000 gpm 

Uni t  5 - 208,000 gpm 

Total  S52,OOO g p m  
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Separa te  s a l t  water s e r v i c e  pumps supply cool ing water t o  

h e a t  exchangers, where hea t  is t r a n s f e r r e d  from t h e  s e r v i c e  

( f r e s h )  water t h a t  cools t h e  l u b r i c a t i n g  bearing o i l  and o t h e r  

a u x i l i a r y  equipment. The c a p a c i t i e s  of t h e  s a l t  water s e r v i c e  

punips a r e :  

U n i t s  1, 2 - 6,000 gpm (3,000 gpm, each)  


U n i t  3 - 6,000 gpm 


U n i t  4 - 13,000 gpm 


U n i t  5 - 18,200 gpm 


Total 43,200 gpm 


With a l l  cooling water pumps opera t ing  (552,000gpm) and 

a l l  s a l t  water hea t  exchangers opera t ing  (43,200 gpm), t h e  t o t a l  

p l a n t  flow i s  595,200 gpm or 857  mgd. 

3 . 1 . 5 . 2  Ve loc i t i e s  (Sc reen ) .  'The v e l o c i t y  of t h e  water a s  it 

approaches the  t r a v e l i n g  water screens v a r i e s  with u n i t  ope ra t ion ,  

water l e v e l ,  and cleanness of t h e  screens .  Calculated maximum 

v e l o c i t i e s ,  i n  f e e t  per second, a t  high and l o w  t i d e s  with 100 

pe rcen t  c lean screens a r e  presented i n  t h e  t a b l e  below: 

Uni t  Hiqh Tide (+4.83) L o w  Tide (-5.07) 

1 0.7 f p s  1 . 2  f p s  

2 0.7 f p s  1 . 2  f p s  

3 0 . 7  f p s  1 . 2  f p s  

4 1.0 fps 1.6 f,ps 

5 0.7 fps 1.1 f p s  
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3 . 1 . 5 . 3  T r a v e l i n g  S c r e e n s .  The s e v e n  t r a v e l i n g  screens remove 

deb r i s  which p a s s e s  t h r o u g h  t h e  t r a s h  r a c k s .  The s c r e e n :  a re  

c o n v e n t i o n a l  t h r o u g h - f l o w ,  v e r t i c a l l y  r o t a t i n g ,  s i n g l e  e r t r y ,  

band-typt. s c r e e n s ,  mounted i n  t h e  s c r e e n  w e l l s  of the i n t a k e  

c h a n n e l s .  Each screen c o n s i s t s  o f  a series o f  b a s k e t s  01 s c r e e n  

pane1.s a t t a c h e d  t o  a c h a i n  d r i v e  ( F i g u r e  3 . 1 - 4 ) .  S i n c e  t h e  

s c r e e n s  a r e  d e s i g n e d  t o  p r e v e n t  the  p a s s a g e  o f  p a r t i c l e s  l a r g e  

enough t o  c l o g  t h e  c o n d e n s e r  t u b e s ,  t h e  s c r e e n i n g  s u r f a c r  i s  

made o f  3 /8- inch  meshed s t a i n l e s s  s teel  w i r e ,  w i t h  t he  e x c e p t i o n  

of  U n i t  5 screens,  which h a v e  5 /8 - inch  s q u a r e  o p e n i n q s .  

Coo l ing  w a t e r  passes t h r o u q h  t h e  w i r e  mesh s c r e e n i n ?  s u r 

face a n d  f l o a t i n q  or  suspended  m a t t e r  i s  r e t a i n e d  on t h e  

sc reens .  The screens r o t a t e  a u t o m a t i c a l l y  when t h e  d e b r i s  b u i l d u p  

c a u s e s  a p r e d e t e r m i n e d  pressure d i f f e r e n t i a l  across t h e  : = r e e n  

( o r  t h e  d i f f e r e n c e  i n  sea water  l e v e l  b e f o r e  and a f t e r  t k e  s c r e e n  

i n c r e a s e s  t o  a s e t  l e v e l ) .  A s  t h e  s c r e e n s  r e v o l v e ,  t h e  n a t e r i a l  

i s  l i f t e d  from t h e  i n t a k e  w a t e r  s u r f a c e  by t h e  upward t r e v e l  of 

t h e  b a s k e t s .  The s c r e e n s  t r a v e l  3 f ee t  per m i n u t e ,  maki rg  one  

c o m p l e t e  r evo lu t . i on  i n  a h o u t  2 0  m i n u t e s .  A s c r e e n  w a s h  z y s t e m  i n  

t h e  t r a v e l i n g  s c r e e n  s t r u c t u r e  p r o v i d e s  w a t e r  (sea w a t e r  from t h e  

i n t a k e  t u n n e l s )  t o  wash t h e  debris  from t h e  t r a v e l i n g  s c r e e n .  A t  

a 


t h e  head of t h e  s c r e e n ,  m a t t e r  i s  removed f r o m  t h e  b a s k e t s  by a 

70-100 p s i  s p r a y  of w a t e r ,  which i s  e v e n l y  d i s t r i b u t e d  o v e r  the 

e n t i r e  b a s k e t  w i d t h .  The j e t  s p r a y  washes t h e  mater ia l  i n t o  a 

t r o u g h  f e e d i n g  i n t o  s c r e e n  w e l l  b a s k e t s  where it i s  accurrJlated 

�or disposal. 
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3 . 1 . 5 . 4  C i r c u l a t i n q  Water Pumps. Each u n i t  has t w o  v e r t i c a l  

submerged c i r c u l a t i n g  ( c o o l i n g )  w a t e r  pumps, one for each con

d e n s e r  h a l f .  Each pump i s  l o c a t e d  i n  a pump s t r u c t u r e ,  d raws  

w a t e r  i n  t h r o u g h  the t r a v e l i n g  w a t e r  s c r e e n ,  and  d i s c h a r g e s  t o  

the  c o n d e n s e r  h a l f .  C i r c u l a t i n g  w a t e r  pumps f o r  U n i t s  1, 2, and 

3 rotate  a t  390 r p m ;  f o r  U n i t  4 ,  a t  254 r p m ;  and U n i t  5, 271 

r p m .  

3.1.5.5 Condense r s .  The c o n d e n s e r  i s  a s h e l l - a n d - t u b e  a r r a n g e 

men t  i n  w h i c h  heat  i s  t r a n s f e r r e d  from the  t u r b i n e  e x h a u s t  s t e a m  

t o  the  c i r c u l a t i n g  ( c o o l i n g )  w a t e r .  U n i t s  1, 2 ,  and  3 h a v e  

two-pass c o n d e n s e r s  ( w a t e r  e n t e r s  the  bottom, passes t h r o u g h  the 

c o n d e n s e r  t w i c e ,  and e x i t s  the  t o p ) .  The t u b i n g ,  made of N o .  18 

BWG aluminum brass, has a 30 - foo t  l e n g t h  and  a l - i n c h  o u t s i d e  

d iameter .  U n i t s  4 and 5 c o n d e n s e r s  are s i n g l e - p a s s  d e s i g n .  The 

t u b i n g  is N o .  20'BWG c o p p e r - n i c k e l  w i t h  a 36 - foo t  l e n g t h  and  1 

l / B - i n c h  o u t s i d e  d iameter .  The hea t  t r a n s f e r  area i s  1 0 3 , 2 0 0  

f t 2  and  ~ O S , O O Of t 2  for U n i t  4 and U n i t  5 ,  r e s p e c t i v e l y .  

I J n i t s  1 t h r o u g h  S w i l l  t r a n s f e r  4805 x lo6  B t u / h r  ( a p p r o x i 

m a t e  maximum l i m i t s )  t o  595,200 gpm of c i r c u l a t i n g  w a t e r  w i t h  a 

plant t e m p e r a t u r e  r ise of 17 .9"F  w i t h  a l l  u n i t s  o p e r a t i n g  a t  

iriaxirnum l9ad .  ( J n d i v i d u a l  and t o t a l  heat l o a d s  for the U n i t s  

a r e  l i s t e d  b e l o w . )  The t e m p e r a t u r e  r ise may v a r y  d e p e n d i n g  on  

the U n i t s  i n  s e r v i c e .  A maximum of 20°F may be e x p e r i e n c e d  

u n d e r  c e r t a i n  c o n d i t i o n s .  
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M a x i m u m  CaIcu l i i t ed  
Max i m u m  C o o  1 ing Wa t c  1- IIeat L< ad 
C a p a b i l i t y  Thermal T,oacl S a l t  S e r v i c  e Water  

I J n i t  m w ( n e t )  l3 tu/hr  Btu /?  r 

1 100 518 x l o 6  1 2  x : o  6 

2 1 0 2  533 x l o 6  1 2  x : o  6 

3 108 567 x I O 6  1 2  x : o  6 

4 287 1464 x 10' 
629 x 10 

5 3 2 0  1626 x l o 6  3 2  x 10
6 

TOTAL 917 4 7 0 8  x l o 6  97  x : o6 

Ileated w a t e r  d i s c h a r g e s  from t h e  c o n d e n s e r s  t h r o u g h  sepa

r a t e  d i s c h a r g e  p i p e s  t o  a common d i s c h a r g e  t u n n e l .  

3 .1 .5 .6  D i s c h a r g e  Sys tem.  Cool ing  w a t e r  from t h e  c o n d e i s e r s  of 

a l l  f i v e  u n i t s  f1.ows i n t o  a common d i - s c h a r g e  t u n n e l .  Thc con

0 c re t e  d i s c h a r g e  t u n n e l  ( 1 5  f e e t  w i d e )  r u n s  a l o n g  t he  easi side 

o f  t h e  i n l e t  conveyance  t u n n e l s ,  p a s t  t h e  t r a v e l i n g  s c r e f n  

s t r u c t u r e s ,  t h e n  crosses u n d e r  t h e  i n l e t  t u n n e l s  and r u n :  par

a l l e l  t o  t h e  w e s t  s i d e  ( F i g u r e  3 . 1 - 5 ) .  The c o o l i n g  w a t e i  f l o w s  

i n t o  .a d i s c h a r g e  pond b e f o r e  t r a v e l i n g  t h r o u g h  .box  c u l v e i  ts 

u n d e r  C a r l s b a d  Boulevard  i n t o  a r i p r a p - l i n e d  c h a n n e l ,  a : u r f a c e  

j e t  d i s c h a r g e ,  i n t o  the P a c i f i c  Ocean. The c o o r d i n a t e s  t f  t he  

p l a n t  d i s c h a r g e  are  32"-57 ' -45" n o r t h  l a t i t u d e  and 117" - :6 ' -05"  

w e s t  I o n g i  t u d e .  

Approximate ly  120  f e e t  from t h e  d i s c h a r g e  e n d ,  a q a l e d  

t u n n e l  i s  cross-connected t o  t h e  i n t a k e  c h a n n e l  t o  a l l o w  recir

c u l a t i o n  for periodic h e a t  t r e a t i n g  ( S e c t i o n  3 . 1 - 5 . 9 ) .  
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3 .1 .5 .7  C h l o r i n a t i o n .  I n t e r m i t t e n t  c h l o r i n e  t r e a t m e n t  i s  used  

t o  m i n i m i z e  f o r m a t i o n  o f  s l i m e ,  which o c c u r s  i n  t h e  c o n d e n s e r  

t u b e s  i f  c o n t r o l  i s  n o t  p r a c t i c e d .  A t  t h e  Enc ina  Power P l a n t ,  

s o d i u m  h y p o c h l o r i t e  i s  m a n u f a c t u r e d  o n - s i t e  as needed .  I t  i s  

p r o d u c e d  e l e c t r o l y t i c a l l y  f r o m  sodium chlor ide i n  the seawater. 

Seawater from the i n t a k e  i s  pumped t h r o u g h  each of the t w o  

h y p o c h l o r i n a t o r s ,  which are  compr i sed  of e lec t ro ly t ic  ce l l  

m o d u l e s  a r r a n g e d  i n  series. The h y p o c h l o r i t e  p roduced  i s  f e d  

i n t o  a h o l d i n g  t a n k ,  where it i s  d i l u t e d  w i t h  i n t a k e  w a t e r .  

Then the  sodium h y p o c h l o r i t e  s o l u t i o n  i s  i n j e c t e d ,  i n t o  the 

c h a n n e l  i m m e d i a t e l y  u p s t r e a m  o f  t he  c i r c u l a t i n g  and  s a l t  w a t e r  

s e r v i c e  pump s u c t i o n s  f o r  each u n i t .  Each i n j e c t i o n  p o i n t  i s  

i n d i v i d u a l l y  c o n t r o l l e d .  

H y p o c h l o r i n a t i o n  i s  c o n d u c t e d  for a b o u t  s i x  m i n u t e s  per 

i n j e c t i o n  p o i n t  on  a t i m e d  two-hour c y c l e  several  periods each 

d a y .  The sodium h y p o c h l - o r i t e  i s  i n j e c t e d  s e p a r a t e l y  for  each 

p o i n t ,  and n o  t w o  p o i n t s  a r e  i n j e c t e d  a t  the s a m e  t i m e .  Hence, 

t h e  f l o w  of c o o l i n g  w a t e r  f r o m  t h e  other u n i t s  w i l l  r e s u l t  i n  

min ima l  c h l o r i n e  r e s i d u a l  i n  t h e  c o o l i n g  w a t e r  b e i n g  d i s c h a r g e d  

t o  the o c e a n .  This rap id  d i l u t i o n  i s  o n e  o f  the e n v i r o n m e n t a l  

a d v a n t a g e s  of h a v i n g  m u l t i p l e  u n i t s  o n  a s ing1 .e  s i t e  w i t h  a 

common d i s c h a r g e .  

3.1.5.8 O p e r a t i o n  P r o c e d u r e .  Dur ing  normal  o p e r a t i o n ,  o n e  

c i r c u l a t i n g  w a t e r  pump s e r v e s  each ha l f  of the c o n d e n s e r ,  so 

w h e n  a u n i t  i s  o n  the l i n e ,  both pumps a re  i n  o p e r a t i o n .  
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T r a v e l i n g  water  s c r e e n s  n o r m a l l y  a r e  se t  on  a u t o m a t :  c ,  

s t a r t i n g  u p  when the d i f f e r e n t i a l  p r e s s u r e  across the s c i e e n  

e x c e e d s  the s e t  p o i n t  ( S e c t i o n  3 . 1 . 5 . 3 ) .  A t  the  h e g i n n i r g  of 

each work s h i f t  ( 0 7 0 0 ,  1500, and 2300 h o u r s ) ,  the screen! a re  

t u r n e d  o n  and t h e  a u t o m a t i c  s t a r t  i s  checked  t o  ascer ta i r  they 

a r e  f u n c t i o n i n g  p r o p e r l y .  

C h l o r i n e  (sodium h y p o c h l o r i t e )  t r e a t m e n t  i s  c o n d u c t t d  

i n t e r m i t t e n t l y  t h r o u g h o u t  t he  d a y ,  1 2  i n j e c t i o n s  per u n i l  o v e r  a 

2 4-1-10LIr pe r iod  ( S e c t  i o n  3 .1.5 . 7  ) . 
The i n t a k e  t u n n e l s  are  t h e r m a l l y  t r e a t e d  ( t u n n e l  r e c i r c u l a 

t i o n )  a p p r o x i m a t e l y  e v e r y  f i v e  weeks ( S e c t i o n  3.1.5.9). 

3 .1 .5 .9  Tunnel  R e c i r c u l a t i o n .  E n c r u s t i n g  o r g a n i s m s  i n  t he  

e a r l y  s t a g e s  o f  deve lopment ,  a r e  s m a l l  enough t o  pass t h i o u g h  

t h e  t ras5 r a c k s  and s c r e e n s  and e n t e r  t he  i n t a k e  t u n n e l s ,  a t t ach  

t h e m s e l v e s  t o  the  t u n n e l  w a l l s ,  t r a v e l i n g  w a t e r  s c r e e n s ,  a n d  

o t h e r  p a r t s  of t h e  c o o l i n q - w a t e r  s y s t e m .  I f  n o t  removed, t he  

e n c r u s t i n g  o r g a n i s m s  qrow and a c c u m u l a t e  a t  a r a t e  of a p l r o x i 

m a t e l y  1000 yd3  o v e r  a 6-month per iod.  These a c c u m u l a t i c n s  

r e s t r i c t  the  f l o w  of c o o l i n q  w a t e r  t o  and t h r o u g h  the ~ ~ ~ d e n s e r s ,  

c a u s i n q  -2 r ise  i n  t h e  c o n d e n s e r  o p e r a t i n g  t e m p e r a t u r e  anc the 

t e m p e r a t u r e  of t he  discharged c i r c u l a t i n g  water.  A t h e r r  a1 

t u n n e l  r e c i r c u l a t i o n  t r e a t m e n t  process i s  used  p e r i o d i c a l l y  ( a t  

a p p r o x i m a t e l y  5-week i n t e r v a l s )  t o  p r e v e n t  the e n c r u s t i n 5  organ

i s m s  from d e v e l o p i n q  t o  a n y  s i g n i f i c a n t  s i z e  or  q u a n t i t y .  The 

t r e a t m e n t  k i l l s  t h e  e n c r u s t i n q  o r g a n i s m s ,  w h i c h  release 1 rom t he  

3 - 9 


000057 




surfaces and wash through the condensers to the ocean with the 


circulating water discharge, reducing the need for maintenance 


outages for manual cleaning of the circulating water inlet 


tunnels and condensers. This practice also helps to maintain 


the lowest possible temperature rise across the condensers, 


thereby improving plant efficiency. 


Thermal treatment is performed by restricting the flow of 

coolinq water from the lagoon and recirculating the condenser 

discharge water through the conveyance tunnels and condensers 

until an inlet water temperature of approximately 105°F is 

attained. Maintaining a temperature of 105°F in the intake . 

tunnels for approximately 2 hours has proved adequate in dis

posing of encrusting organisms. The total time required for the 

thermal treatment operation, including temperature buildup and e 
cooldown, is approximately 6 hours. 

3-10 000058 
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4 . 0  

MASTER DEMONSTRATION RATIONALE 


4.1 PURPOSE AND OBJECTIVES OF THE DEMONSTRATION 


The purpose of this 316(b) Demonstration is to respllnd to 

the California Regional Water Quality Control Board - Saii Diego 

Region (RWQCB) requirements, under the Federal Water P o l  .ution 

Control Act amendments of 1972,(a) regarding the impact (If the 

cooling water intake of the Encina Power Plant. This sec tion of 

the Act requires that the location, design, construction and 

capacity of cooling water intake structures reflect the llest 

technology available (BTA) for minimizing adverse enviroimental 

impact. The objective of this Demonstration is to detezmine 

whether the existing intake, as it is presently designed and 

operated, reflects BTA f o r  minimizing adverse environmenlal im

pact or whether an alternative technology would be requi-ied. 

The Environmental Protection Agency (EPA) and Calif( rnia 

State Water Resources Control Board (SWRCB) recognized tlat an 

evaluation of the impact of a power plant's intake struciure 

could in-golve technical and scientific undertakings of ccnsider

able magnitude and difficulty (4-1and 4 - 2 ) .  The State jelt 

it very important, therefore, to allocate the level of ejfort 

required for a 316(b) Demonstration. The State further :uggested 


a. 	Federal Water Pollution Control Act, Amendments of 1!72,  33 
USC.1251,et seq, P . L .  92-500. Also known as the Clcan 
Water Act. 

4-1  ' 
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that based on available information, although limited, provision

al classifications be made of cooling water intake structures 

into potentially "High" and "Low" impact cases, with associated 

differences in the type of information needed to determine best 

intake technology ( 4 - 3 ) .  Table 4.1-1presents the list of all 

California power plants and their designations by the State 

(California Department of Fish and Game) as "Low1', "Intermediate", 

or "High" impact plants. 

The primary focus of this Demonstration, therefore, is the 

evaluation of the impact of the Encina Power Plant cooling water 

intake with respect to its initial designation by the State as a 

"High" impact intake system. This Demonstration evaluated the 

appropriateness of the initial classification f o r  the Encina 

Plant using data collected during extensive one-year entrainment 

and impingement studies and physical and biological studies of 

the source water body. 
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TABLE 4 . 1 - 1  
REPRODUCED FROM 11 MARCH 1 9 7 7  MEMORANDUM 


FROM THE STATE WATER RESOURCES CONTROL BOARD' 

(ATTACHMENT BY CALIFORNIA DEPARTMENT OF F I S H  AND GA:IE) 


I 


c - UaJ 
m o  k 5 5 w  

Power Plant  Name 

+
South Sen Diego Bav 

S i lve r  Gate 
Broadway (Sta t ion  B) 
Enc ina 

, i
San Onofre I x i ! X 
San Onofre I1 & 111 ? I i x  XI 

Huntington Beach X 

Irlaynes 

Alamitos X 

Long Beach - T . I .  i I 

Harbor 

Redondo X X X 

E l  Segundo IlL.-l- X 

Scattergood X I ! X 

Ormond Beach X 

Mandalay 


-I--E 

X 

H I G H  
H I G H  
H I G H  
H I G H  
INT . 
INT . 
LOW 
LOW 
H I G H  
H I G H  
H I G H  
H I G H  
LOW 
H I G HDiablo tt 

.j_ 	 See Aupendix A (Section 1 6 )  for  nemorandum. 

Sen Otter  
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TABLE 4.1-1 (Concluded) 


Power Plant Name 

Norro Bay 

Moss Landing 


Potrero 

Hunters Point 


PittsburR 


Contra Costa (Antioch) 


Oleum 


Humboldt Bay 


I I-++-

__ti__ 

x 1 x 1  

~~ 

X X 

X 

X I I 


i See Appendix A (Section 16) for memorandum. 

-t.f Sea Otter 
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4 . 2  C O O L I N G  WATER INTAKE SYSTEPl STUDIES 

The State Water Resources Control Board ( 4 - 4 )  suggested in 

their 316(b) Guidelines that environmental consequences (impacts) 


of cooling water intakes are sensitive to the following facfors. 


0 Population consequences of (1) impingement of adllt and 

-juvenilefish and (2) entrainment of planktonic( 1 )- . 

org;anisms. 


The Electric Power Research Institute ( E P R I ) ,  a nationally 

recognized research institute which sponsors research evEluating 


the environmental effects of power plant operation, has cefined 


impingement and entrainment as follows ( 4 - 5 ) .  

0 Impingement 

"AS water passes through debris collecting screers at 
power plant intakes, fish are carried by the floh 

against the screen surface and held there by the jJater 
current. The,terms impingement and entrapment have been 

applied to this process. In this document, impirgement

w i l l  refer to the entire process of entrapment within an
lntake structure and contact with the screen mest.II 

0 Entrainment 

"Entrainment is the process of passimg aquatic li �e 
1:hrough power plant cooling systems with the water 
withdrawn from ;I source warer body for cooling." 

Year-long, extensive impingement and entrainment stujies 


were conducted at the Encina Power Plant to determine the effect 


of withdrawing cooling water from Agua Hedionda Lagoon (Pacific 


Ocean). 


b .  	 Planktonic: Passively drifting or weakly swimming - inable 
to overcome even small current velocities. 

0000694-5 



-- 

4.2.1 Impingement Studies 


The State 316(b) Guidelines recommend "...data should be 

collected over a period of at least one year for the purpose of 

characterizing seasonal differences." The rigorous sampling 

program performed for this Demonstration provided an accurate 

characterization of seasonal patterns and annual total losses of 

nekton(c). Samples were collected daily for 336 days and the 

following population parameters studied: length frequency, age 

distribution, sex ratio, reproductive condition, and fecundity(d). 
Impingement rates also were studied as a function of flow rate 


and diel(e) variations. 


4.2.2 Thermal Treatment 


Encrusting organisms in the early stages of development are 


small enough to pass through the trash racks and screens and 


enter the intake tunnels, attach themselves to the tunnel walls, 


traveling screens, etc. A thermal tunnel recirculation treatment 

process is used periodically (at approximately five week inter


vals) to prevent encrusting organisms from developing to any 


significant size or quantity. Thermal treatment is performed by 


restricting the flow of cooling water from the lagoon and recir


culating th.e condenser discharge water through the conveyance 


c .  Nekton: adult and juvenile fishes. 
d. Fecundity: fertility. 

e .  	 Diel: involving a 24-h period that usually includes a day

and an adjoining night. 
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t u n n e l s  and condensers until an inlet water temperature if 

approximately 105 F is attained. Maintaining a temperatire of 


105 F in the intake tunnels for approximately two hours :ias 


proved adequate in disposing of encrusting organisms. Diring 

thermal treatments, all nekton species in the 'tunnel s y s  :em are 

killed and collected by the traveling screens. 


The fish species collected during the seven thermal treat


ments in 1979 were processed for length-frequency,weigh:, abun


dance, and identification. 


4 . 2 . 3  Entrainment Studies 

The objective of these studies was to estimate the ;.nnual 

entrainment of ichthyoplankton(f) and zooplankton(g) . Er train-

@ 	 ment rates were estimated for each biweekly sampling per:od and 

flow-weighted to estimate annual entrainment. To furthei refine 

the annual entrainment estimates, two entrainment morta1:ty 

studies were conducted during the summer and winter to eiamine 

high and low ambient water temperatures. Three potentia2 sources 

of mortality were examined: thermal, mechanical, and chfmical 

stresses. 

f. Ichthyoplankton: passively drifting or weakly swimmjng fish
-
eggs and larvae. 


g. 	 Zooplankton: passively drifting or weakly swimming jnverte
brates (e-g.,copepods, mysids, and larval 
forms of crabs and shrimp). 

000072. 
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4 . 3  SOURCE WA'I'EK CIiARACTEKIZATION 

The S t a t e  Water Resources Control Board (4 -6 )  suggefted i n  

t h e i r  315(b) gu ide l ines  t h a t  environmental consequences ( impacts )  

of coo1i:ng water in takes  a r e  s e n s i t i v e  t o  the  fol lowing j a c t o r s .  

0 Amount of water en t ra ined  and s i z e  of water body 

0 Species '  abundance and d i s t r i b u t i o n  p a t t e r n s  w i t l i n  the  

:: ource waters  

The phys ica l  and b i o l o g i c a l  environment i n  t h e  v i c i r i t y  of 

Encina Power P lan t  was charac te r ized  with information gathered 

during f . ie ld  s t u d i e s .  T h i s  was done t o  provide t h e  basis  f o r  

eva lua t ing  t h e  cool ing water i n t ake  s t r u c t u r e ' s  environrncntal 

impact. 

4 . 3 . 1  -Phys ica l  Oceanography Descr ipt ion 

The o b j e c t i v e  of t h i s  po r t ion  of t h e  Demonstration bas t o  

a s c e r t a i n  t h e  o r i g i n  of t he  source waters  a f f e c t e d  by the in t ake  

system. 

The phys ica l  oceanographic study a r e a  was divided i r t o  t w o  

broad ca1:egories: t he  n e a r - f i e l d  environment and t h e  f a r  - f i e l d  

environment. The n e a r - f i e l d  was def ined a s  meeting t h e  fDllowing 

fou r  c r i t e r i a  simul taneous l y  : 

0 	 A water pa rce l  loca ted  i n  t h i s  f i e l d  must have t k : 2  

oppor tuni ty  t o  e n t e r  t he  power p l a n t  cool ing t u n n i l s ,  

0 	 The above opportuni ty  must be capable  of being e x x c i s e d  

wi th in  a 24-h pe r iod ,  

4-8  




0 	 The f i e l d  must be s i t u a t e d  i n  a geographic area t h a t  i s  

unchanged by n a t u r a l  w a t e r  movements, and 

0 	 The 10  percent p robab i l i t y  o f  entrainment i s o p l e t h  must 

always be contained wi th in  t h i s  f i e l d .  

For t h e  purposes of t h i s  s tudy ,  a l l  of these  c r i t e r i a  w e r e  m e t  by 

t h e  geographic area enclosed by the  ou te r  lagoon. The Eeographic 

boundaries of t he  outer  Agua Hedionda Lagoon segment t h e r e f o r e  

c o n s t i t u t e d  the  n e a r - f i e l d .  The f a r - f i e l d  was then def ined as 

those  remaining por t ions  of t h e  primary study area  whick are  con

tiguous t o  the  near-f  ie'id. Geographically , these  f i e l d  areas 

cons is ted  of t h e  two inner  lagoon segments of t he  Agua H2dionda 

System and t h e  of fshore  c o a s t a l  zone. 

Organisms such as planktonic  forms and ich thyolarva?  loca ted  

wi th in  about 1000 f t  of t h e  in t ake  screens i n  the  southern end of 

t h e  nea r - f i e ld  environment a r e  under t h e  d i r e c t  i n f luenc?  of t he  

in t ake  system. Biological  matter i n  t h e  f a r - f i e l d  may b ?  t r a n s 

ported i n t o  the  n e a r - f i e l d  by c u r r e n t s ,  winds, t i d e s ,  an1 wave 

ac t  ion.  

A s  suggested i n  t he  EPA Draf t  316(b) Guidelines (4-7) i so

p l e t h s  (h) of entrainment p r o b a b i l i t y  w e r e  developed. F i  p r e  

4 . 2 - 1  presents  a r ep resen ta t ive  p robab i l i t y  d i s t r i b u t i o n  der ived 

from cur ren t  meter and water property da ta  taken over a zomplete 

t i d a l  period i n  t h e  ou te r  lagoon segment. P r o b a b i l i t y  i ; o p l e t h s  

-
.. -__

h .  	 I sop le ths :  t h e o r e t i c a l  l i n e s  connecting po in t s  of l i k e  
va lue ,  which i n  t h i s  case desc r ibe  t h e  v i r i o u s  
percentages o f  entrainment p r o b a b i l i t y .  

000073 
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lor the o f f shore  zone a r e  shown i n  Figure 4 . 2 - 2 .  1nfomi . t ion  

gained from such d i s t r i b u t i o n s  i s  use fu l  a s  a p r e d i c t i v e  t o o l ,  

and a s  a means f o r  determining the  probable e x t e n t  and ccnfigura

t i o n  of t h e  n e a r - f i e l d  a f f e c t e d  a r e a .  The completeness t f  t h e  

plankton entrainment s t u d i e s  performed f o r  t h i s  Demonstrl t ion,  

however, obviated t h e  necess i ty  t o  u t i l i z e  p r o b a b i l i t i e s  of 

entrainment a s  a p r e d i c t i v e  t o o l .  

4 . 3 . 2  -Biologica l  Oceanography Descr ipt ion 

I n  m d e r  t o  a s s e s s  impingement and entrainment impac t s ,  

data  must be eva lua ted  i n  terms of  t he  important spec ie s  which 

occur i n  t h e  source water .  For  the  purposes of t h i s  s tucy ,  t h e  

term " c r i t i c a l  spec ies"  was used t o  descr ibe  important t: xa ( i )  

which were employed u l t i m a t e l y  a s  impact i n d i c a t o r s .  Thcse 

c r i t i c a l  taxa were examined i n  samples from t h e  cool ing F a t e r  

i n t ake  impingement and entrainment surveys,  a s  w e l l  a s  f j e l d  

surveys.  

Development. of t h e  c r i t i c a l  taxa l i s t  was based on c r i t e r i a  

designated by S t a t e  and Federal  316(b) Guidel ines  ( 4 - 8 ,  4 - 9 ) .  

Accordingly, taxa were s e l e c t e d  through review of agency and 

academic l i t e r a t u r e ,  augmented by p r i o r  f i e l d  experience i n  t h e  

v i c i n i t y  of t h e  Encina Power P l a n t .  The c r i t i c a l  spec ies  l i s t  

approved b y  t h e  S t a t e  Water Resources Control Board f o r  use with

i n  t h i s  Ilemonstration i s  presented i n  Table 4 . 3 - 1 .  

i. Taxa: groups of organisms. 

4-10 000074 
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4.3.2.1 Field Plankton Studies. Source water studies 0: ichthy

oplankton and zooplankton were performed to characterize the 

temporal and spatial distributions of these organisms. Ilankton 

are major components of the ecosystem in the vicinity of the 

Power Plsnt. Plankton distribution was studied with reslect to 


factors which affect population fluctuations (tide, diel and 


vertical stratification). Distribution studies were necc ssary 


to separate "natural" fluctuations from those changes wh:ch 


could be attributed to the Plant's intake system. Pararncters 


studied were plankton density and distribution. 


The population(s) baselines, for the parameters just de


scribed, thus established the natural conditions for comlarisons 


with entrainment data, in order to evaluate Plant impact on 


source water populations. The relationship between near-field 


and far-.Eield source water populations was examined durirg the 


assessment o f  entrainment impact. 

4.3.2.2 Field Nekton Studies. Source water nekron studies were 

conducted to characterize population distributions, both spatial 

and temporal, in the vicinity of the Encina Power Plant. Infor

mation w a s  collected describing length frequency distribition, 

fecundity, biomass, age class distribution, sex ratio, a r d  popu

lation abundance. These parameters were used to define FDpula

tion size. 

The population(s) baselines, for the parameters j u s t  de

scribed, thus established the natural conditions for comF srisons 

000078 
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e w i t h  impingement da ta ,  i n  order t o  eva lua te  P lan t  impact  on 

source water populat ions.  

000079 
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4 . 4  ENVIRONMENTAL IPPACT ASSESSMENT 

The effects of Encina's impingement and entrainment rates 


were assessed for impact through comparisons of plant-as iociated 


losses with source water population characteristics such as 


natural mortality, standing stock(j) abundance, and cornllrcial 


fishing l o s ses .  All impacts were described as either si:;nificant 

or insignificant. 


4 . 4 . 1  -Impingement Impact 

The biological impact of Encina's impingement losse..was 


found to be insignificant through the assessment of the 'ollowing 


three comparisons. 


Impingement Loss vs Source Water Resources 


The average daily Plant removal was only 0.02 ~lercent 
of the estimated standing stock. When compare(.to 
source water resources, therefore, the impact (.f
impingement l o s s  was found to be insignificant 

Impingement Loss vs Commercial Fishing Losses 


The Power Plant removals only amounted to 0.05 percent
of the commercial landings in the San Diego ar1.a 
annually. When compared to commercial fishing losses,
the impact of annual impingement was found to le 
insigriificant. 

ImDingement Loss vs Natural Losses 


Annual impingement losses compared to natural Iosses 

indicated the impact of impingement to be insijnificant. 


j. Standin Stock: The amount of living material per ui.itof 
zr*cFor volume, expressed in either units 0: weight 
or n.!.xnbersof organisms. In the context of this stucy,
standing stock was estimated using one year of data :nd was 
assumed to represent the amount of organisms present at any
give.2 time during that period. 

0.00080 

4-16 



e 4.4.2 Entrainment ImDact 

Entrainment losses at Encina were assessed f o r  imps-t 

through the three comparisons listed below using zooplancton, 


ichthyoplankton, and phytoplankton data. 


(1) Near-Field vs Far-Field Density (to isolate an7 
localized effect) 

(2) Near-Field vs Entrainment Density (to indicate any
selective entrainment effect) 

( 3 )  Entrainment Loss vs Source Water Resources 

The results of these comparisons are summarized in Table 4.4-1. 

For all three taxonomic groups, the impact of  entrainmen: is in

significant.. 

4.4.3 -Combined Effects of Impingement and Entrainment 

The impact from impingement and entrainment is complmnded 


for those taxa, for example topsmelt and deepbody anchoyr, which 


are susceptible to both. Even so, the average losses coiibined 


from impingement and entrainment were insignificant, amo.mting to 


about 0 . 2 4  percent of  the estimated standing stock. 

4,.4.4 -hpact Evaluation 

An assessment of the impact of Plant-related effect: (i-e., 

impingement, entrainment) on the adult fish, zooplankton ichthy

oplankton, and phytoplankton populations in the vicinity of the 

Encina Power Plant indicated the following: 


000082 
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0 	 The impact of Encina Power Plant impingement l o s s  

on the adult fish community in source waters is 

insignificant. 

0 	 The impact of Encina Power Plant entrainment on 


plankton resources in source waters is insignificant. 


0 	 The impact of the combined effects of f i s h  removal 

and plankton entrainment by Encina Power Plant on 

source water populations is insignficant. 

4-19 
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4 . 5  INTAKE TECHNOLOGIES FOR MINIMIZATION OF ADVERSE IMPACT 

Environmental impact due to organism loss constitutes an 


"adverse environmental impact" only when it is of sufficient 


magnitude to damage and seriously disrupt the ecosystem: This 


distinction between ''environmental impact" and ''adverse environ


mental impact" is recognized in many contexts. For example, 

hunting and fishing laws are clearly premised on the difference 

between a mere loss  of animals and loss in sufficient numbers to 

upset the ecological balance of the natural system which produces 

the animals and sustains their populations. 


Section 316(b) of the Clean Water Act recognizes that a 


certain level of environmental impact is acceptable. In the 


Seabrook case, for example, the EPA Administrator stated the 


followir,g after examining the data which indicated the.plant 


was responsible for the entrainment and mortality of an estimated 


100 billion softshell clam ( M y a  arenaria) larvae: ' I . .  .I conclude 

that entrainment of Mya (larvae) will have an insignificant 


effect on the adult M y a  population.t i  (k) 

k .  	 Public Service of New Hampshire, Seabrook I. NPDES Appeal
No. 76-7,  Decision of the Administrator, 10 June 1977, 
page 41. In addition, the Administrator stated the 
following: 

"...the mortality of M a (arenaria) larvae from all sources 
related to the Seabroo-3-operations would be approximately 1 x 
1011 . . .  Thus the larvae killed would be about 5% of the 
larvae in the neritic band in the vicinity of Seabrook. If 
it is assumed that destruction of Mya larvae would result 
in destruction of the same proportion of adult clams, the 

000084
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In granting Seabrook its NPDES permit, the EPA Admiiiistra

tor thus recognized that the goal of Section 316(b) was ::or 


cooling water intake system technology to achieve an accciptable 


low level of adverse impact. If the intake system is al:.eady 


operating at an acceptable "lowI1 impact level therefore the 


system is considered to have BTA. 

The State Guidelines suggest that the Demonstration docu

ments where the present intake design includes features ,::hat 


contribute to minimizing adverse impacts. Furthermore, ;.iter


native technologies having the potential for achieving " '  .ow" 

impact were reviewed and analyzed, as required by the Ca...ifornia 


State 316(b) Guidelines. 


0 4 . 5 . 1  Evaluation of the Existing Intake System's Design 

Operation, and Location 

The State Water Resources Control Board (4-10)suggtsted in 

their 316(b) Guidelines that environmental consequences inpacts) 

of cooling water intakes are sensitive to the following :'actors. 

k .  	 Continued: 
Seabrook operations would be expected to destroy app:*oxi
mately 5% of the standing crop of Mya in the Hampton.Seabrook 
area. . . "  (page 30, 31) 

"Although the plant may kill considerable numbers of eggs

and larvae, the total volume of water that will be siibject

to the plants' adverse effects is miniscule compared to the 

54 square miles of coastal water adjacent to the plai.:t,in 
which these ichthyoplankton may be expected to deve1c.p.I' 
(page 33) 
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0 Design, operation and location of the intake 

After reviewing the extensive sampling data collected during 


the operation of the Encina Power Plant, the following design 


aspects of the Encina intake system were found to contribute 


to minimizing adverse impacts. 


0 	 The withdrawal of cooling water from the entire water 
column is non-selective in terms of organism removal 
from the source water. 

0 Vertical traveling screens serve as a barrier and 
r prevent fish from entering the cooling water system. 


0 	 The vertical traveling screens' mesh is large enough to 
prevent abrasive extrusion of entrained organisms. 

0 	 Intake location at the southern end of Outer Agua
Hedionda Lagoon avoids direct impact on the greater
population densities existent in offshore fish and 
plankton populations. 

0 	 Due to its specific location it allows lagoon species 
an opportunity to pass into the middle and upper lagoon 
segments on flood tide, or offshore on ebb tide rather 
than enter the intake system. 

0 	 Intake location has permitted the development of a 
viable marine habitat and nursery area for fish and 
invertebrate species. 

0 	 Intake location and design serves to separate the intake 
structure from the discharge and works to prevent re-
entrainment of cooling waters and their biological
constituents. 

An evaluation of the individual components of the intake 


system and their effects on entrainment and impingement indicated 


the following. 


0 	 Condenser biofouling control via chlorination had no 
observed effect on entrainment or impingement losses. 
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0 	 Condenser 1) iofouling control via thermal treatmeit 
minimizes biofouling predation l o s s  of entrained 
organisms. 

0 	 Impingement and entrainment losses are generally lower 
at lower rates of cooling water intake. 

0 	 Maintenance dredging operations in the outer lagion
segment serve as an attractant to fish species aid 
result in greater impingement losses. However, :his is 
limited to periods of 2 to 3 months duration, evxy 2 
years. 

4 . 5 . 2  Potential Alternative Intake Technologies f o r  

Minimiz ation of Impacts 

Potential alternative intake technologies reviewed :'orthis 


Demonstration can be grouped into six broad categories bitsed 


upon their mode of operation: (1) behavioral barriers, 12) 

0 diversion devices, ( 3 )  collection systems, ( 4 )  passive iiitakes, 

(5) fish-return systems, and ( 6 )  other alternatives. ThcJse 

categories are briefly described below 


(1) 	 Behavioral barriers take advantage of the natu:*al 

behavioral characteristics of fish. Since the 

success of these barriers depends solely on ac..ive 

fish avoidance responses, they are not designec. 

to reduce entrainment. 


(2) 	 Diversion devices are physical structures desilped 
to alter flow conditions at the intake in such a 
way that fish will be guided away from the mail: 
circulating water flow. 

( 3 )  	 Fish collection devices are designed to active:y
collect organisms entrapped within the intake 
screenwell. 

( 4 )  	 Passive intakes operate on the principle of 
x h i e v i n g  very low withdrawal velocities at thc 
screening medi-a and on locating the intake in i 
relatively high-velocity cross current. Organ:'sms 
avoid the intake and get carried away with the cross 
current flow. 
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( 5 )  	 F i s h  return systems are designed to return organ
isms collected at the intake to the source water 
with minimal mortality. 

( 6 )  Other alternatives considered were offshore intakes 
and flow reduction designs. Offshore intakes are 

designed to seek greater cooling water efficiency

from deeper offshore waters, which may have lower 

densities of aquatic organisms than near-shore 

locations. Flow reduction systems are designed to 

reduce intake volume and velocities, seeking a 

reduction in the number of planktonic organisms

entrained and adult fish impinged. 


Further consideration of alternate technologies was unneces


sary because the existing intake system was demonstrated to have 


"low" impact. 
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@ 4 . 6  BEST TECHNOLOGY AVAILABLE 

A s  previously d iscussed ,  t he  S t a t e  Water Resources :ontrol  

Board suggested i n  t h e i r  316(b) Guidelines t h a t  environmmtal  

consequences (impacts) of cool ing water in takes  a r e  sens : t ive 

t o  t h ree  s e t s  of f a c t o r s .  Each of t he  f a c t o r s  i s  review?d i n  

the  paragraphs t h a t  fol low t o  demonstrate t he  acceptab le  " low" 

l e v e l  of adverse environmental impact which has been ach-eved 

b y  t h e  Encina Power P lan t  cool ing water i n t ake  system. 

0 Amount of Water Entrained and Size of Water Body 

It i s  shown i n  t h i s  Demonstration t h a t  P l an t  watzr  use 
during a t y p i c a l  f lood  o r  ebb t i d a l  phase i s  on :he 
order  of 600 a c r e - f t .  The mean low water (MLW) ..Tolume 
of the  Agua Hedionda Lagoon System i s  about 2500 a c r e - f t  
whereas the  mean h igh  water (MHW) volume i s  abou: 4000 
a c r e - f t .  Thus, a s  average percentage of lagoon ' iolune 
en t ra ined  before  replacement by lagoon t i d a l  f l u  ;hing i s  
24 percent a t  MLW and 15 percent  a t  MHW. C o n s i d x i n g  
t h e  region between Dana Point t o  t h e  n o r t h ,  t h e  : lexican 
border t o  t h e  south ,  and two m i l e s  o f f sho re ,  c o a ; t a l  
waters i n  an a rea  of only 1 . 4  percent  of t h i s  re , ; ion  have 
a maximum p r o b a b i l i t y  of l e s s  than 34 percent  of even 
en te r ing  the  Agua Hedionda Lagoon system. The w , t t e r s  i n  
t he  remaining 98.6 percent  of t h i s  o f f shore  reg i jm have 
l i t t l e  o r  no p r o b a b i l i t y  o f  en te r ing  the  lagoon iystem 
i n  a 24-h per iod .  

e 	 Species '  Abundance and Di s t r ibu t ion  P a t t e r n s  Wit'iin t h e  

Source Waters and Population Consequences of Ent.:rainment 

and Impingement 

E P R I  (4-11) concluded where i n t e r t r o p h i c  l e v e l  (m pathway 
changes a r e  smal l ,  ecosystem s t a b i l i t y  w i l l  n o t  .,)e 

m .  	 I n t e r t r o p h i c  Level:  Between t roph ic  l e v e l s .  A t rop ' i i c
l e v e l  i s  a successive s t a g e  i n  nourishment a s  represqmted by
l i n e s  of t h e  food cha in .  (Primary producers [ a l g a e ]  con
s t i t u t e  t h e  f i r s t  t r o p h i c  l e v e l ,  herbivorous zoop1an':ton
c o n s t i t u t e  t h e  second l e v e l ,  and carnivorous organistis  t he  
t h i r d ) .  
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disrupted, and any resulting ecosystem effects will be 
reversable. Because entrainment and impingement loss 
to standing stock ratios were relatively small (Zoo
plankton - 0.2 percent, ichthyoplankton - 7.4 percent,
and nekton - 0.02 percent), changes in intertrophic
level pathways would be small as well. The environmental 
impact assessment performed for this Demonstration indi
cates that the impact of Plant entrainment and impinge
ment is insignificant and does not upset the stability
of this marine ecosystem. 

0 Design, Operation, and Location of the Intake 

The insignificant level of impact at all trophic levels 
demonstrates that the Plant intake, as presently
designed and operated, is a r r L ~ ~ "impact system. 


The low and insignificant level of impact demonstrates that 


the existing Encina Power Plant intake system represents the best 


technology available for this specific site to minimize adverse 


environmental impact. 
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5 . O  


PHYSICAL ENVIRONMENT: CIRCULATION 
CHARACTERISTICS AND SOURCE WATER INVOLVEMENT 

5 . 1  ABSTRACT AND SUMMARY 

In  1979 ,  i n  accordance with a study plan approved by the  

Ca l i fo rn ia  Regional Water Qual i ty  Control Board, San Dieso Region 

(RWQCB-SD), a s e r i e s  of physical  oceanopraphic surveys o f . t h e  

outer  lagoon segment and of fshore  a reas  were conducted d i r i n g  

each of t h e  th ree  dominant oceanographic seasons (Upwelling, 

Davidson, Oceanic). Data pe r t a in ing  t o :  

a su r face  cur ren t  s ' t ruc ture ,  

s subsurface c o a s t a l  c u r r e n t s ,  

a meteorological v a r i a b i l i t y  during th.e 

measurement per iods ,  

0 	 meteorological v a r i a b i l i t y  throughout 

the  y e a r ,  

cu r ren t  p a t t e r n s  i n  the  outer  lagoon 

segment, and 

a water property v a r i a t i o n s  over d iu rna l  

per iods 

were co i l ec t ed  and analyzed t o  t r a c e  t h e  o r i g i n s  of water 

en te r ing  the  cool ing water tunnels  of t h e  power p l a n t .  

"Primary Study Area" measurements w e r e  considered i n  two 

p a r t s  the  n e a r - f i e l d  and the  f a r - f i e l d .  Together b o t h  
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f i e l d s  comprise the  primary s tudy a r e a  def ined i n  t h e  RWQCB-SD 

study p l an .  As a r e s u l t  of e a r l y  study r e s u l t s  t h e  n e a r - f i e l d  

was def ined as  meeting t h e  fol lowing fou r  c r i t e r i a  simul

taneously:  

a water p a r c e l  l oca t ed  i n  t h i s  f i e l d  must have 

t h e  opportuni ty  t o  enter t h e  power p l a n t  cool ing  

tunne l s ,  

the  above opportuni ty  must be capable of being 

exerc ised  wi th in  a 24-hour per iod ,  

t he  f i e l d  must be s i t u a t e d  i n  a geographic area 

t h a t  i s  unchanged by n a t u r a l  water  movements, and, 

t he  10 percent  p r o b a b i l i t y  of entrainment i s o 

p l e t h  must always be contained w i t h i n  t h i s  f i e l d .  

For the  purposes of t h i s  s tudy ,  a l l  of t hese  c r i te r ia  w e r e  m e t  

by t h e  geographic a rea  enclosed by t h e  ou te r  lagoon, primary 

s tudy  a r e a .  The geographic boundries of t h e  o u t e r  Agua Hedi

onda lagoon segment t h e r e f o r e  c o n s t i t u t e d  t h e  n e a r - f i e l d .  

A s  a c o r o l l a r y ,  t h e  f a r - f i e l d  i s  then def ined  as those  re

maining po r t ions  of t h e  primary s tudy a r e a  which are contiguous 

t o  the  n e a r - f i e l d .  Geographical ly ,  t h e s e  f i e l d  areas cons i s t ed  

of t h e  two inne r  lagoon segments of t h e  Agua Hedionda System 

and the  o f f shore  c o a s t a l  zone. 

Data a n a l y s i s  was a l s o  d iv ided  between two f i e l d s .  The 

r e s u l t s  of t hese  analyses  showed t h a t  although a l l  source 

waters  obviously passed through t h e  o u t e r  lagoon segment (near-
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f i e l d ) ,  both t h e  offshore region and t h e  two i nne r  lagion seg

ments ( f a r - f i e l d )  could a c t  a s  source regions f o r  t he  iear

f i e l d  volume. 

Considering the  region between Dana Point  t o  t h e  nor th ,  

t he  Mexican border t o  the  south ,  and two miles  o f f shore ,  

c o a s t a l  waters  i n  an a rea  of only 2 ,560  a c r e s ,  o r  1 . 4  percent  

of t h i s  t o t a l  region,  have a maximum p r o b a b i l i t y  of lcss  than 

34 percent  of even en te r ing  Agua Hedionda Lagoon sys t tm .  The 

waters  i n  the  remaining 170,880 ac res  of t h i s  offshort  reg ion  

have l i t t l e  o r  no p r o b a b i l i t y  of en te r ing  the  lagoon system 

i n  a 24-hour per iod.  Fu r the r ,  once water has en tered  t h e  la

goon system, plankton c a r r i e d  by these  waters  have a l lrobabil

i t y  of g r e a t e r  than 50 percent  of escaping power p l a n :  e n t r a i n 

ment over more than ha l f  of t h e  ou te r  lagoon segment ,ires. 

I 	Thus t h e  o v e r a l l  p r o b a b i l i t y  f o r  plankton entrainment i n  t h e  

Encina Power P lan t  for  waters  i n  t h e  Southern C a l i f o r i i a  Bight 

i s  extremely smal l .  

Cooling water o r i g i n s  a r e  c l o s e l y  r e l a t e d  t o  the  time 

frame under cons idera t ion .  Over a per iod  of s e v e r a l  j ays ,  t h e  

u l t i m a t e  source of water for t he  lagoon segments and power 

p l an t  cool ing water i s  the  ad jacent  P a c i f i c  Ocean. Cver .a  

semi-diurnal t i d a l  c y c l e ,  t h e  cool ing water  o r i g i n  a l t e r n a t e s  

from the  ocean t o  the  inne r  lagoon segments depending upon 

t i d a l  phase. As shown i n  Figure 5.4-11: 
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0 	 During flooding tides, water entering the seaward 

entrance from the nearshore and littoral zones 

flows along the length of the outer lagoon segment 

to the cooling water tunnels and into the two 

inner lagoon segments. 

On the following ebb tide, water returning from 


the inner lagoon segments bifurcates at the middle 


lagoon segment entrance (in the outer lagoon seg


ment) and supplies the cooling water demand as 


well as a return flow volume to the ocean. 


Thus, on a time scale of about 10 to 15 hours, both the 


ocean and the inner lagoon segments serve as  source regions for 

power plant cooling water. On an even shorter time scale, once 

an approximate 90-minute tidal phase lag in the outer lagoon 

segment has been taken into account, the inner lagoon segments 

are generally the main source water region during an ebb tide, 

and the ocean is the main source water region during a flood 


tide. 


In the offshore zone, Figure 5.5-1 shows that the maximum 


extent of the one-day contribution to the intake volume extends 

about 1200 m (4000 ft) seaward and along the littoral zone for 

as far as 26 lan (16 mi) upcoast and 0 .8  km (0.5 mi) downcoast. 

Inflow speeds as high as 90  cm/sec (1.75 kt) were measured at 

the seaward entrance to the lagoon; return speeds were consid


erably slower at about 10 cm/sec (0.20 kt). Over a six-hour 
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 period wi th  a l l  f ive power p l a n t  u n i t s  i n  ope ra t ion ,  an order  

of magnitude es t imate  of the  outer  lagoon segment volume balance 

y ie lded  the  following values .  

0 	 During a f lood  t i d e ,  approximately 1600 a c r e - f e e t  

of water e n t e r s  t he  seaward entrance of t h e  ou te r  

lagoon segment. About ha l f  of t h i s  volume flows 

i n t o  the  middle and upper lagoon segments while 

200 a c r e - f e e t  remains i n  t h e  outer  lagoon segment. 

A n e t  volume of about 600 a c r e - f e e t  t h e r e f o r e  

e n t e r s  t h e  cool ing water tunnels  t o  complete t h e  

f lood t i d e  volume balance.  

o 	 On an ebb t i d e ,  approximately 800 a c r e - f e e t  of 

water r e t u r n s  f r o m  t h e  middle and upper lagoon 

segments. About ha l f  of t h i s  volume exits t o  

the  ocean a t  t h e  seaward en t rance .  The remain

ing 400 a c r e - f e e t  combines with t h e  approximate 

200 a c r e - f e e t  derived from t h e  f a l l i n g  water  

l e v e l  t o  provide t h e  600 ac re - f ee t  r equ i r ed  by 

t h e  power p l a n t  f o r  cooling water. 

Since t h e  ambient water c i r c u l a t i o n  p a t t e r n s  t r a n s p o r t  

planktonic  matter, a uniform d i s t r i b u t i o n  assumption allowed t h e  

p o t e n t i a l  f o r  water e n t r y  i n t o  t h e  cool ing water tunnels  t o  be 

charac te r ized  by i s o p l e t h s  of entrainment p r o b a b i l i t y .  F a r - f i e l d  

en t ry  and n e a r - f i e l d  entrainment p r o b a b i l i t i e s  were evaluated 

independently;  each f i e l d  w a s  based on a maximum p r o b a b i l i t y  of 

i n  t h e  f a r - f i e l d100 percent .  A p r o b a b i l i t y  of 100 percenta 
5-5 
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implied en t rance  from t h e  ocean i n t o  t h e  ou te r  lagoon segment; 

100 pe rcen t  p robab i l i t y  i n  t h e  n e a r - f i e l d  indic-ated flow i n t o  

t h e  cool ing  water tunnels .  

I n  t h e  f a r - f i e l d ,  o f f shore  r eg ion ,  these i s o p l e t h s  are 

skewed at an approximate angle  of 30 t o  60 degrees w i t h  the 

c o a s t l i n e  t o  reflect  t h e  more dominant southward t r a n s p o r t  i n  

t h i s  near-shore zone. A p r o b a b i l i t y  of about 34 percent  w a s  

c a l c u l a t e d  near  t h e  seaward en t rance  of t h e  lagoon. 

In t h e  near-field,  Figure 5 . 5 - 2  shows t h a t  t h e  entrainment 

p r o b a b i l i t i e s  ranged from about 10 percent  a t  t h e  no r the rn  end 

of t h e  o u t e r  lagoon segment t o  100 percent  p r o b a b i l i t y  a t  t h e  

immediate en t rance  t o  t h e  cool ing  w a t e r  tunnels .  The current 

p r o f i l e  d a t a  shows t h a t  t h e  draw-down effects of Units  1-5 

opera t ion  could only be de t ec t ed  t o  a maximum d i s t a n c e  of 

about 304 m (1000 f t )  i n t o  t h e  sou the rn  end of t h e  o u t e r  

lagoon segment. In a l l  cases s t u d i e d ,  th is  r a d i u s  included 

t h e  70 percen t  i s o p l e t h  f o r  plankton entrainment.  A n o t i c e a b l e  

s h i f t  of the P r o b a b i l i t y  i s o p l e t h s  toward t h e  seaward en t rance  

on f l o o d  t i d e  (Figure 5.5-2) and toward t h e  middle lagoon 

segment en t rance  on ebb t i d e  was e v i d e n t  (Figure 5.5-3) .  

D i r e c t l y  i n  f r o n t  of t h e  t r a s h  racks l ead ing  t o  the coo l ing  

w a t e r  tunnels, inf low speeds on t h e  o r d e r  of 45 cm/sec (0.80 

kt) were measured on the deeper  w e s t e r n  side and speeds of 

about 26 cm/sec (0.50 k t )  w e r e  measured on t h e  e a s t e r n  s i d e .  
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5 . 2  METHODOLOGY SUMMARY 

Determination of origins f o r  the cooling waters ent ?ring 

the Encina Power Plant was divided between three seasona, field 

surveys and a detailed examination of the resulting measirements. 

Field surveys in both the coastal area off Carlsbad Stat2 Beach 

and in Agua Hedionda Lagoon were conducted on June 20-21, 

August 2 9 - 3 0 ,  and.November 14-15, 1979 to coincide with the 

approximate times of the varying oceanographic seasons c f f  the 

southern California coast. During each of these seasons, the 

large scale offshore current patterns undergo significar,t changes 

in both speed and direction. Potentially, these change: in 

velocity can bring different populations of planktonic T:aterial 

into the nearshore zone and the subject lagoon segments 

Source regions were categorized as either near-fie'r.d or far-

field. Geographically, the near-field area consisted o:: the 

outer or  westernmost lagoon segment of the Agua Hediond.1 System. 

The far-field encompassed the area offshore and the innz two 

two lagoon segments. Both fields contribute to the one-day in

take volume passing through the power plant. 

Offshore current measurements consisted of: 

0 	 deploying subsurface, self-recording current 

meters on two single-point moorings 

located approximately 427 and 1036 m 

(1400 and 3400 ft), respectively, 

seaward of the intake entrance to the 

outer lagoon segment, and 



0 t r a c i n g  the  movement of su r face  d r i f t  

b locks .  

The cu r ren t  meter,moorings remained on s t a t i o n  for t h e  

e n t i r e  month of the  survey. Beach searches  f o r  d r i f t  blocks 

were conducted over a two-day per iod following each r e l e a s e .  

The month-long cur ren t  meter records were computer processed 

f o r  speed and d i r e c t i o n  d i s t r i b u t i o n s ,  component v a r i a t i o n s  

along shore and perpendicular  t o  shore ,  and d i f f e rences  i n  cur

r e n t  s t r u c t u r e  w i t h  increas ing  seaward d i s t a n c e  from t h e  o u t e r  

lagoon segment en t rance .  The d r i f t  block da ta  w e r e  reduced 

t o  provide es t imates  of su r f ace  t r a j e c t o r i e s ,  speeds,  and domi

nant  s u r f a c e  flow d i r e c t i o n s .  Based on es t imates  of t i d a l  

volumes pass ing  through t h e  seaward en t rance  of t h e  ou te r  lagoon 

segment, an o f f shore ,  f a r - f i e l d  reg ion  of p o t e n t i a l  flow i n t o  

t h e  lagoon segment was def ined .  Regions of p o t e n t i a l  inf low 

were assigned a p r o b a b i l i t y  of lagoon e n t r y .  

Within the  ou te r  lagoon segment, a s e r i e s  of approximately 

20 sampling s t a t i o n s  were e s t a b l i s h e d  during each f i e l d  survey.  

Continuous sampling of cu r ren t  and Conduct ivi ty ,  Temperature, 

Depth (CTD) p r o f i l e s  through t h e  s t a t i o n  network was completed 

f o r  an e n t i r e  t i d a l  day. Streamline and i s o t a c h  analyses  of 

near-surface, mid-depth, and near-bottom cu r ren t  d a t a  were 

developed f o r  d i f f e r e n t  t i d a l  phases .  Di rec t ions  of flow a t  

each s t a t i o n  and l e v e l  were combined wi th  d i s t a n c e  from t h e  cool

ing water i n t a k e  t o  develop e s t ima tes  of n e a r - f i e l d  entrainment 

p r o b a b i l i t y .  
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Water temperature measurements in the offshore regine were 

combined with temperature and salinity data gathered in the 

lagoon t o  trace water origins. Water masses were identified by 

their temperature and salinity--althoughmost of the vaiiabil

ity appeared in the hourly temperature values rather thzn 

salinity. 

Concurrent with the lagoon measurements, a self-rec.ording 


weather station was deployed to record wind velocity an6.l air 


temperzture over the measurement periods. These data wqre digi 


tized on an hourly basis for assistance in interpreting the 


oceanographic measurements. 


Details of the particular procedures used in each study 

segment are presented in Appendix Section 16.2 MethodolDgy 

(detailed). 
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5 . 3  EXISTING PHYSICAL SETTING 

5.3.1 Study Area Boundaries 


The Encina Power Plant of the San Diego Gas & Electric 

. Company is located in San Diego County along the Pacific coast 

about 42 km (26 mi) north of the City of San Diego. This five 

unit, 937 netMW, f o s s i l  fuel power plant draws its intake cooling 

waters for once-through cooling from the westernmost lagoon 


segment of the Agua Hedionda System. The Agua Hedionda Lagoon 


System consists of three interconnected segments ofa coastallagoon 


situated at the seaward end of the Agua Hedionda Creek drainage 


basin; this basin extends eastward into the San Marcos Mountains. 

The climate of the coastal area of San Diego County, in

cluding Agua Hedionda Lagoon, is characterized as subtropical 

and semi-arid with a strong oceanic influence. Diurnal and 

seasonal temperature changes are relatively slight and humidi

ties are normally low. Considerable fog occurs along the coast. 

The fall and winter months are usually the foggiest. The prox

imity of the ocean produces a maritime climate characterized by 

relatively even temperatures throughout the year and generally 

predictable wind patterns (5-1). 

The mean annual air temperature is about 17.2 C (63 F). 

Monthly mean temperature's range from a minimum of 12.7  C (55 F) 
to a maximum of 21.6 C (71 F). Temperature extremes range from 


a minimum of -1.6 C (29 F) in January to a maximum of 44 C 

(111 F) in September. Freezing temperatures are generally rare 


and maximum temperatures are usually associated with weather 


patterns known as "Santa Ana" winds. 


5-10 
. $  000103 



The annual r a i n f a l l  i n  t h i s  south coast  a r e a  t o t a l :  about 

30.5 cm (12  in)--most of which occurs i n  w i n t e r .  The r t i n i e s t  

month i s  t y p i c a l l y  January wi th  5 . 1  t o  7 . 6  cm (2  t o  3 i i . ,  respec

t i v e l y )  of r a i n  on the  average; usua l ly  l e s s  than 2 . 5  C I I  (1 i n )  

falls between May and October. The r a i n  i s  p r imar i ly  a : ; soc i a t ed  

w i t h  cold f r o n t s  moving down t h e  coas t  f r o n  t h e  Gulf of Alaska 

o r  from the west when the  s u b t r o p i c a l  high pressure  sys:em 

breaks down. 

Winds i n  the  study a rea  a r e  predominantly wes ter ly  and a r e  

c l a s s i f i e d  as  l i g h t  t o  moderate; wind speeds l e s s  than 3 . 5  m/sec 

(8 k t )  occur about 64 percent  of the  time. The usua l  wind p a t 

t e r n  i s  the  land-sea (eas t -wes t )  breeze combination which i s  

m o s t  pronounced i n  summer when thermal g rad ien t s  betwecn land 

and sea  a r e  g r e a t e s t .  Occasional strong winds of 27 t c  29 m/sec 

(60 t o  65 k t ,  r e spec t ive ly )  a r e  associa'ted w i t h  win ter  storms 

and ga les  and occur only on t h e  average of every 50 y e ; r s .  The 

Santa Ana winds blow from t h e  e a s t  o r  no r theas t  and te1.d t o  be 

less  severe but  l o c a l l y  gus ty .  

Agua Hedionda Lagoon rece ives  approximately 3200 :lours of 

sunshine per year (about 70 percent  of t he  t o t a l  p o s s i ' ) l e ) ;  

m o s t  of i t  i s  received i n  win te r  because of t h e  summer n i g h t  

and e a r l y  morning cloudiness which i s  t y p i c a l  of  t h i s  Zal i fornia  

c o a s t a l  c l imate .  

The geographic boundaries of t h e  study area a r e  s5own i n  

t h e  s i t e  map presented i n  Figure 5.3-1.  From t h e  seaward en

t r ance  of the  ou te r  lagoon segment, t h e  a rea  of i n t e r e s t  ranges 
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about 25 .7  km (16 mi) upcoast, 3.2 km (2 mi) downcoast, 1.6km 

(1 mi) offshore, and inland to the easternmost limit of the 

inner lagoon segment. 

5 . 3 . 2  General Hydrography 

5.3.2.1 Offshore Characteristics. By definition, plankton 


(Gr., wanderer) are the floating or drifting life forms of the 

pelagic division of the sea; these plants and animals are car

ried by the prevailing currents in which they reside. A study 

of the general nearshore and lagoon circulation characteris

tics and current structure was therefore completed in order to 

develop estimates for the probability of offshore waters (which 

carry plankton) entering the coastal lagoon system, passing 

through the system to the cooling water tunnels, and poten

tially entraining these planktonic species. Based on the wide 

degree of variability found in the plankton sampling data (see 

Section 6 . 4 ) ,  a generally uniform distribution of planktonic 

fornis was assumed. The basic objective of these measurements 

was t o  demonstrate which of the offshore waters entered the 

lagoon, the time scales of these motions, and the source from 

which cooling water for power plant operation originated. 

Offshore, the California Current, a broad, sluggish, 


eddying eastern boundary current of the North Pacific Ocean, 


flows strongest during the summer and weakest and most meander


ing in the winter (5-2). This current flows southeast as an 


extension of the Japanese and Aleutian currents and generally 
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dominates the circulation of the California coastline. In 

southern California, a northward moving surface counter1:urrent 

appears landward of the California current on a seasona. basis. 

During the period from about September to February, thi; David-

son Current dominates the coastal circulation; this is !isually 

followed by a period of upwelling. Upwellings are generally 

strongest in southern California in May and June as a r2sult of 

northerly or northwesterly wind stresses. Currents during this 

period are generally variable. South-southeasterly moving cur

rents dominate the remainder of the year and characterize the 

Oceanic Season. 

A recent paper by Tsuchiya (1980) (5-3) summarizes much of 

our present level of knowledge of inshore circulation 1:atterns 

in the Southern California Bight area. Using a geostrcphic 

analysis of CalCOFI (California Cooperative Oceanic Fisheries 

Investigations) data taken between 1974 and 1977, he slowed that 

the general surface circulation was predominantly to t1.esouth

southeast in the months of April, March, and June and 1 owards 

the north-northwest in September, October, and Decembe:.. 

Although these types of results form a good background for des

cription of the inshore circulation, direct applicatioit of these 

data for this particular purpose cannot be made becaus: the 

cooling waters utilized by the power plant generally o:cur at 

distances even closer to shore. Tsuchiya's shallowest station 

was located in a water depth of about 55 m (180 ft). 

In a general sense, nearshore currents between th. surf 

zone and a seaward distance of approximately l.6.to 8:) km (1 to 
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5 m i ,  r e s p e c t i v e l y )  flow i n  a longshore d i r e c t i o n  w i t h  downcoast 

( sou the r ly )  movements recorded more f requent ly  than  upcoast 

(no r the r ly )  movements. Di rec t ion  r e v e r s a l s  are caused by t i d a l  

f o r c e s  as wel l  as  longer term ( 3  t o  4 days) f o r c e s  .thought t o  

b e  t he  r e s u l t  of Rosshy waves trapped on t h e  c o n t i n e n t a l  s h e l f .  

Maximum longshore speeds a r e  approximately 25 t o  40 cm/sec (0 .5  

t o  0 . 8  k t ,  r e spec t ive ly )  with near  s l ack  c u r r e n t s  occur r ing  over 

per iods  as long as 1 t o  2 hours.  Mean cu r ren t  speeds a r e  gen

e r a l l y  slow, averaging l e s s  than 10 cm/sec .(0.19 k t ) .  

Inshore of t h i s  cu r ren t  regime l i e s  t he  l i t t o r a l  zone which 

extends s e v e r a l  hundred meters seaward from t h e  s h o r e l i n e .  The 

l i t t o r a l  d r i f t  sys t em c a r r i e s  much of  t he  sand from beaches t o  

deeper waters  of fshore  during the  win ter  months, decreasing 

t h e i r  wid ths ,  i nc reas ing  t h e i r  s l o p e ,  and exposing much of t h e  

underlying cobble.  A l a r g e  po r t ion  of t he  source m a t e r i a l  f o r  

beaches comes f r o m  t he  Oceanside l i t t o r a l  c e l l  and p a r t l y  from 

dredging ope ra t ions .  The Oceanside l i t t o r a l  c e l l ,  which 

r ece ives  i t s  sand supply from runoff of l o c a l  r ivers  and ero

s i o n  of t h e  San Onofre B l u f f s ,  t r a n s p o r t s  t h e  sediments along 

t h e  coas t  by wave a c t i o n  and longshore c u r r e n t s .  According t o  

Inman and Frautschy (1966) ( 5 - 4 ) ,  t he  ra te  of sand t r a n s p o r t  i s  
es t imated t o  be about 164,389 m3 / y r  (215,000 yd 3 /yr). 

Wind waves impinging on t h e  southern C a l i f o r n i a  sho re l ine  

can be  ca tegor ized  seasonal ly  from s e v e r a l  source reg ions .  

Swell comes t o  the  Southern C a l i f o r n i a  Bight from storms i n  t h e  
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e 	 Aleu t i ans ,  the Hawaiian a r e a ,  t he  western North P a c i f i c  typhoon 

r eg ion ,  t h e  t r o p i c a l  storms west of Mexico, and the  pressure  

g rad ien t  around the  P a c i f i c  high pressure  c e l l  i n  t h e  Ncrth 

P a c i f i c ,  as wel l  as  from t h e  New Zealand area  and t h e  h:gh l a t i 

tude reg ion  of t he  South P a c i f i c  (5-5) .  Swell der ived :'rom 

nor the rn  hemisphere storms approaches the  coas t  f rom thl: w e s t  i n  

c o n t r a s t  with southern hemisphere s w e l l  which a r r i v e s  f..om t h e  

south and the southwest. S w e l l  from the  northern hemis.)here 

predominates during the winter  and sp r ing  when the  s t o r a  sys t ems  

a r e  more in t ense .  Southerly swel l s  occur during t h e  s u w e r  and 

f a l l  when hurr icanes a r e  present  o f f  southern Mexico an1 e x t r a -

t r o p i c a l  storms e x i s t  i n  t he  southern hemisphere. Typiza l ly ,  

s w e l l  waves have periods of about 1 2  t o  18 seconds; l o c s l l y  

developed wind waves have s h o r t e r  per iods .  

. Wind waves formed l o c a l l y  come from the  northwest,  west ,  

and southwest and south (5-6) .  They respond t o  northwcst winds 

from t h e  P a c i f i c  high pressure  r eg ions ,  winds of t h e  Sznta Cata

l i n a  Eddy, and the  of fshore  Santa  Ana winds. The l a r g c s t  sea  

waves occur when cyclonic and t r o p i c a l  storms approach the  

southern Ca l i fo rn ia  coas t .  The average maximum wave h r i g h t s  a r e  

3 t o  5 m (10 t o  16 f t ,  r e s p e c t i v e l y ) .  Emery (1960) ( 5 - 7 )  no tes  

the  occasional  occurrence of 6 to 8.m (19 t o  26 f t ,  r e : p e c t i v e 

l y )  high waves. 

I n  the  nearshore zone, ambient su r f ace  water tempmatures 

recorded over a 40-year per iod a t  t h e  Scripps I n s t i t u t ? :  of 

Oceanography p i e r ,  loca ted  3 3 . 8  km ( 2 1  mi) .downcoast 0.f t h e  Aguaa 
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lledionda Lagoon, averaged 12.8 C (55 F) during t h e  c o l d e s t  

months (January-April)  and 20 C (68 F) during t h e  w a r m e s t  months 

(August-September). The mean su r face  temperature a t  Sc r ipps  

P i e r  i n  1979 w a s  16.8 C (62 .3  F) wi th  a maximum temperature  of 

2 3 . 2  C (73.8 F) recorded i n  September and a minimum temperature  

of 1 2 . 0  C (53.6 F) recorded i n  January and February.  

Ambient water temperatures recorded o f f  Carlsbad S t a t e  

Beach i n  1979 show v a r i a t i o n s  s imi la r  t o  those  measured a t  t h e  

Scripps P i e r .  Between March 1 9  and Apr i l  20, t h e  mean su r face  

temperature w a s  15 .1  C (59.3 F ) ;  from J u l y  19 t o  August 1 6 ,  t h e  

mean rose  t o  20 .9  C (69.7 F ) ;  and from August 16 t o  September 18 ,  

t h e  mean was 2 1 . 1  C (70.0 F ) .  

S a l i n i t y  i s  nea r ly  cons tan t  throughout t h e  nearshore  zone 

(about 33-34 p p t ) ,  and v a r i e s  1 i t t . l e  wi th  t i m e .  The mean near-

shore s a l i n i t y  i s  about 33.75 ppt wi th  a s tandard  dev ia t ion  of 

only 0.10 ppt  (5-8).  

5 .3 .2 .2  Agua Hedionda Lagoon. Agua Hedionda Lagoon i s  s i t u a t e d  

wi th in  the  c i t y  l i m i t s  of Carlsbad and i s  owned by SDG&E. It 

extends in land  about 2 . 7  km (1 .7  m i )  and ranges from 174 t o  

1 7 7  m (570 t o  2550 f t ,  r e s p e c t i v e l y )  i n  width.  The lagoon i s  

bounded by Carlsbad Boulevard t o  t h e  w e s t ,  downtown Carlsbad t o  

the  n o r t h ,  h i l l s l o p e s  and b l u f f s  t o  t h e  e a s t ,  and c u l t i v a t e d  

f i e l d s ,  along wi th  t h e  Encina Power P l a n t ,  t o  t h e  sou th .  A 

t r e s t l e  of  the  Atchison, Topeka and Santa  Fe Rai l road  and I n t e r 

s t a t e  5 freeway c ross  t h e  lagoon and d iv ide  i t  i n t o  three seg

ments; t h e  segments a re  r e f e r r e d  t o  as t h e  l 'outer", "middle", o 
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and "inner"  lagoon segments. A t  the  northwestern end of t h e  

ou te r  lagoon segment, a seaward en t rance  about 46 m (15( ft) 

wide and 2 . 7  m (9  f t )  deep formed by two 9 1  m (300 f t )  long 

rock j e t t i e s  allows a f r e e  exchange between t h e  ocean ard  t h e  

lagoon system. The cross  s e c t i o n a l  a r e a  of t h i s  passagt i s  

about 7 8 . 4  m2 ( 8 4 4  ft') a t  MLLW. 

The lagoon system i s  kept open by a b i enn ia l  maintcnance 

dredging program. The lagoon segments were o r i g i n a l l y  c.redged 

t o  a mean d e p t h  of about 2 . 4  m (8 f t )  i n  1954. The ope:.ation 
3r equ i r ed  247 days and 3 , 2 7 1 , 2 7 3  m3 ( 4 , 2 7 9 , 0 0 0  yd ) of mi.teria1 

were dredged. Between 1954 and 1 9 7 2 ,  approximately 1 . 4 . 1  m i l 

l i o n  m3 (1 .9  mill i .on yd 3 ) of sediment were removed. P r 4 i c t i 

c a l l y  a l l  of the  ma te r i a l  from maintenance dredging was com

posed p r i m a r i l y  of f i n e  t o  very f i n e  sand w i t h  small  amlunts of 

medium sand and f i n e  p a r t i c l e s  such as  s i l t  and c l a y .  "his 

m a t e r i a l  w a s  discharged w e s t  of Carlsbad Blvd. t o  r e s to . - e  t h e  

n a t u r a l l y  erodedbeach i n  f r o n t o f t h e E n c i n a  Power P l a n t .  

The o u t e r  lagoon segment i s  about 823 m (2700 f t )  -ong from 

nor th  t o  south and has a maximum width of about 311 m ( - 0 2 0  f t ) .  

I t  covers approximately 2 6 7 , 0 0 0  m 2 ( 6 6  acres)  a t  NHW a n i  has a 

present  averaged dredged depth of about 4 . 6  m (15 f t ) .  The most 

recent  dredging of the  lagoon segment was completed i n  I p r i l  

1979. Much of t he  i n t e r t i d a l  a rea  has been l i ned  w i t 9  r i p -

rap  t o  prevent  erosion a t  exposed p o i n t s .  Elsewhere, t h e  

lagoon segment sho re l ine  c o n s i s t s  l a r g e l y  of f i n e  sand v i t h  

cobble pa tches .  F loa t ing  booms have been i n s t a l l e d  near  t h e  

0 
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southern end of t he  

t h e  r a i l r o a d  t r e s t l  

lagoon segment and between t h e  j e t t i e s  below 

on t h  e a s t e r n  bank of t he  o u t e r  lagoon 

segment. The entrance t o  the  inner  lagoon segments i s  loca ted  

below t h i s  t r e s t l e .  The c r o s s - s e c t i o n a l  a r e a  of t h e  middle 

lagoon segment entrance i s  about 70 m2 (750 f t2 ) a t  MLLW. A 


bathymetr ic  cha r t  of t h e  o u t e r  lagoon segment present ing  con

tou r s  of depth soundings i n  f e e t  taken a f t e r  t h e  A p r i l  dredging 

i s  presented i n  Figure 5.3-2.  

The middle lagoon segment i s  t h e  smallest s e c t i o n  of Agua 

Hedionda Lagoon, almost square ,  with s i d e s  of about 300 m 

(980 f t )  i n  length .  The h o r i z o n t a l  a r e a  i s  about 110,000 m2 

(27 ac re s )  a t  MHW. I t s  southern and western banks c o n s i s t  

mostly of crushed rocks and sand wi th  no emergent o r  i n t e r t i d a l  

marsh vege ta t ion .  A clayey s i l t  containing many clam s h e l l s  

makes up the  northern edge whi le  s i l t y  sand predominates on the  

e a s t e r n  bank bordering I n t e r s t a t e  5 .  A s m a l l  i n t e r m i t t e n t  f r e sh 

water  creek d ra ins  i n t o  t h i s  lagoon segment a t  t h e  northwest cor

n e r .  The only development of t h i s  lagoon segment i s  a YMCA-

operated small  boat house on t h e  western shore which i s  used f o r  

r e c r e a t i o n a l  a c t i v i t i e s .  The en t rance  t o  t h e  upper lagoon seg

ment i s  a l s o  l i n e d  with l a r g e  boulders and conta ins  pylons t o  

support  t h e  freeway. 

The inner  lagoon segment i s  t he  l a r g e s t  of t h e  t h r e e  seg

ments and extends about 1650 m (5400 f t )  eastward from 1-5;  i t  

occupies about 1 ,200 ,000  m2 (295 a c r e s )  a t  MHW. The banks a r e  

occupied t o  t h e  no r th  by a p r i v a t e  marina condominium complex 
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and two p r i v a t e  boat launching f a c i l i t i e s .  Bluffs  r i s i x g  t o  

power p l a n t  lands t h a t  contain f u e l  tanks and leased a g i i c u l 

t u r a l  crops occupy the  banks t o  t h e  sou th .  The w e s t  bartk r ises 

t o  1-5. Agua Hedionda Creek empties i n t o  t h e  upper lagoon seg

ment a t  i t s  east  end. Al so  a t  t h i s  end, are  the  degrad!d r e m 

nants  of a once extensive s a l t  marsh wi th  about 404,900 m 2 (100 

acres )  of mudflat and high marsh in t e r spe r sed  with s a l t  f l a t s  

and a l l u v i a l  f a n .  Most of t he  l imi t ed  amount of f reshwster  t h a t  

e n t e r s  t h e  lagoon comes from Agua Hedionda Creek and i t ;  major 

t r i b u t a r y ,  Buena Creek. 

The d a i l y  cycle  of t ides  i n  Agua Hedionda Lagoon bas two 

maxima and two minima; t i d a l  height  v a r i e s  from below lLLW 

during extreme l o w  t i d e s  t o  s l i g h t l y  more than 1 . 6  m (: . 3  f t )  

during spr ing  t i d e s .  The mean t i d e  range i s  1.1m (3 . ; .  f t ) ;  

the  mean t i d e  l e v e l  i s  0 . 8  m ( 2 . 7  f t ) .  
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5 . 4  CURRENTS AND CIRCULATION PATTERNS 

5 . 4 . 1  Coastal  Zone 

C i rcu la t ion  p rope r t i e s  i n  t h e  c o a s t a l  zone a r e  cha rac t e r 

i zed  i n  t w o  r eg ions .  The nearshore region extends seaward t o  

a d i s t a n c e  of about 1 . 6  t o  8 . 0  km (1 t o  5 m i ,  r e s p e c t i v e l y )  

and serves  as a t r a n s i t i o n  zone between shore processes  and t h e  

l a r g e r  s c a l e  c i r c u l a t i o n  a s soc ia t ed  wi th  open ocean f lows.  

Immediately inshore of t h i s  zone, cu r ren t s  i n  t h e  l i t t o r a l  

reg ion  respond t o  wave-induced momentum, bottom topography, and 

l o c a l  wind s t r e s s e s .  Because of the  importance of t h i s  r eg ion  

i n  r e d i s t r i b u t i n g  beach sediments,  a number of f i e l d  s t u d i e s  

( e . g . ,  5-9 and 5-10) and explanat ions ( e . & . ,  5-11 and 5 - 1 2 ) ' f o r  

t he  phys ica l  processes i n  t h i s  zone have been suggested.  Gen

e r a l l y ,  t h e  l i t t o r a l  zone only extends o f f shore  f o r  s e v e r a l  

hundred meters (ya rds ) ,  o r  t o  t h e  approximate l i m i t  of  t h e  

breaker  zone. 

5 . 4 . 1 . 1  Nearshore C i r c u l a t i o n .  I n  June,  August, and November 

1 9 7 9 ,  t w o  ENDECO Model 105 c u r r e n t  meters w e r e  deployed a t  pre

s e l e c t e d  mooring s i t e s  o f f  t h e  seaward en t rance  of t h e  o u t e r  

lagoon segment (see Sec t ion  1 6 . 2 . 1 . 2 . 1  f o r  d e t a i l e d  methodology). 

Complete l i s t i n g s  of t h e  measured speeds and d i r e c t i o n s  recorded 

a t  30-minute i n t e r v a l s  a t  a subsurface depth of approximately 

3 m (10 f t )  a r e  presented i n  Sec t ion  16.3.1.1. These da t a  can be 

summarized i n  s e v e r a l  d i f f e r e n t  forms t o  i l l u s t r a t e  s i g n i f i c a n t  

f e a t u r e s  of  t he  nearshore c i r c u l a t i o n .  

800113
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Table 5.4-1 presents  speed and d i r e c t i o n  frequency distri

butions f o r  t he  t h r e e  measurement per iods a t  t h e  s t a t i o r  

c l o s e s t  t o  shore .  Speed values a r e  so r t ed  i n t o  5 cm/sec (0 .09  

k t )  i n t e r v a l s ;  d i r e c t i o n s  ( i n  degrees t r u e )  a r e  so r t ed  into 16  

sepa ra t e  bands, Tota ls  i n  each i n t e r v a l  and percentage of t h e  

record set  a r e  l i s t e d  across  the  bottom and i n  the  r ight-hand 

columns. A s t a t i o n  average speed is appended i n  t h e  loTier l e f t -

hand corner  of each d i s t r i b u t i o n .  A s i m i l a r  se t  of d i s . : r ibu

t ions  f o r  the  mooring loca ted  a t  1036 m (3400 f t )  o � f s h , x e  i s  

presented i n  Table 5 . 4 - 2 .  Comparison of t he  r e s u l t a n t  frequen- . 

c i e s  i n  t h e  t a b l e s  shows the  following: 

e 

0 

Current speeds i n  t h e  nearshore a r e a  a r e  r e l a t i J e l y  

s l o w  during a l l  seasons.  The h ighes t  speeds oc'ur 

f u r t h e r  o f f shore  but  a r e  s t i l l  comparatively s l D w  

f o r  most oceanic phenomena. I f  10 cm/sec ( 0 . 1 9  k t )  

i s  chosen as  a t y p i c a l  cur ren t  speed then a t  l c a s t  

ha l f  of a l l  the  measurements taken a t  t h e  f u r t f e s t  

o f f shore  s t a t i o n  do not  exceed t h i s  l i m i t ;  mor� 

than 90 percent  of t h e  speeds measured 'c loser  l o  

shore a r e  l e s s  than 10 cm/sec (0.19 k t )  . This 

decrease i n  speed  w i t h  proximity t o  shore i s  a:.so 

r e f l e c t e d  i n  the  s t a t i o n  averages.  

Current d i r e c t i o n s  a t  both s t a t i o n s  show an up,.:oast/ 

downcoast r eve r sa l  a t  approximate t i d a l  f r e q u e i c i e s .  

Currents f u r t h e r  o f f shore ,  howeve?, e x h i b i t  a greater 

tendency f o r  f l o w  towards t h e  south  than cur re ; i t s  

5- 21 
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closer to shore. This particular feature is 

demonstrated best by a histogram plot of the 

tabulated frequencies. The left-hand column 

of Figure 5 . 4 - 1  presents comparative histograms 

of the directional distributions. The right-

hand column presents comparative histograms of 

the speed distributions. A light line is used 

to represent the offshore data; a heavy line is 

used to represent the inshore data. Note that 

the light graph always indicates higher frequen

cies around 180 degrees than the heavy graph; 

this indicates that southerly directed flows are 

more common in the offshore portion of the near-

shore zone than in the inshore area. Similarly, 

higher frequencies indicated by the light graph 

(over the heavy graph) at speeds in excess of 

10 cm/sec (0.19 kt) in the right-hand column 

further support the contention that higher speeds 

are mpre predominant further offshore. 

Another feature of the directional distribution 

that can be illustrated best with the assistance 

of an auxiliary figure is that a wider variety of 

directional flows is present closer to shore. 

That is, the current roses in the right-hand 

column of Figure 5 . 4 - 2  (inshore station) show a 

higher frequency of east-west flows than the 

5-28 000121 
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cur ren t  roHes i n  t h e  left-hand column (o f f shor  2 

s t a t i o n ) .  Th i s  p a r t i c u l a r  po in t  can be exaniin 2d 

c l o s e r  by reso lv ing  t h e  vec tor  time s e r i e s  i n t )  

components d i r e c t e d  p a r a l l e l  (upcoas t/downcoas 1) 

and perpendicular  t o  t h e  c o a s t l i n e .  A c o a s t a l  

i n c l i n a t i o n  of 36 degrees west of no r th  w a s  us2d 

f o r  the  component c a l c u l a t i o n s .  Time s e r i e s  

p l o t s  of t he  r e s u l t i n g  component v a r i a b i l i t y  f i r  

t he  June, August, and November measurement per:ods 

a r e  presented i n  Figures  5 . 4 - 3 ,  5 . 4 - 4 ,  and 5 . 4 - 5 ,  

r e s p e c t i v e l y .  Examining each of t hese  graphs,  a 

compilation of t h e  p r o b a b i l i t y  f o r  flow i n  e a c i  of 

the  four  component ( i . e . ,  upcoas t ,  downcoast, in

shore ,  and of fshore)  d i r e c t i o n s  a t  each s t a t i o 1  

was developed; t h e s e  va lues  a r e  l i s t e d  i n  Tab12 

5.4-3.  Bas i ca l ly ,  comparison of t he  onshore a i d  

of fshore  elements of t h e  t a b l e  i n d i c a t e  t h a t  mire  

water flows i n t o  t h e  o u t e r  lagoon segment from a 

d i s t ance  of 426 m (1400 f t )  o f f shore  than a t  a 

d i s t ance  of 1036 m (3400 f t ) .  I f  t h e  t r end  i n  

the  onshore component i s  now assumed t o  be s t a 

t i ona ry  under l i n e a r  e x t r a p o l a t i o n  toward shor 2 ,  

then it  appears t h a t  34.4  percent  of t h e  t i m e ,  

water a t  t he  s h o r e l i n e  e n t e r s  t h e  lagoon segme!it 

and only 1 5 . 6  percent  e x i t s .  I n  o the r  words, 

a monthly b a s i s ,  more water e n t e r s  t he  seaward 

.... 
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TABLE 5.4-3 
PROBABILITY (PERCENT) OF COMPONENT 

CURRENT FLOW OCCURRENCE 
ENCINA POWER PLANT 

Station Direct ion 

~ ~-~~~ 

Offshore 	 Upcoast 

Downcoast 

Onshore 

O f f  shore 

Inshore 	 Upcoast 

Downcoast 

Onshore 

O f f  shore 

AUGUST 1, 1980 

June 6-28 

21.5 

28.5 

22.0 

28;O 

27.0 

23.0 

28.5 

21.5 

Aug. 6 - 3 1  Nov. 2-30 

22.5 20.0 

27.5 30.0 

25.5 23.5 * 

24.5 . 26.5 

27.0 26.0 

23.0 2 4 . 0  

28.5 33 .0  

21.5 17.0 
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entrance of the  lagoon than leaves .  This genera '  

type of conclusion i s  a l s o  supported by t h e  e s t i .  

mated volume exchange presented i n  Sect ion 5 . 4 . 3  

S t i l l  f u r t h e r  information pe r t a in ing  t o  t h e  dominanl d i r e c 

t i o n  of nearshore zdne water en t ry  i n t o  the  lagoon e n t r a r c e  can 

be obta ined  by examining the  su r face  d r i f t  block results Table 

5 . 4 - 4  summarizes t he  r e l e a s e ,  recovery,  and c a l c u l a t e d  syeed 

information dcvcloped from .appl ica t ion  of t h i s  Lagrangiar tech

n ique .  Figure 5 . 4 - 6  presents  a schematic of the  r e s u l t a x t  t r a 

j e c t o r i e s  from r e l e a s e  t o  recovery,  o r  of fshore  s i g h t i n g .  Note 

t h a t  i n  a l l  cases  exceTt one i n  November, a l l  r e s u l t a n t  l r a j ec 

t o r i e s  a r e  d i r ec t ed  southeastward along t h e  coas t  a t  an t n g l e  

between 30 and 60 degrees with t h e  c o a s t l i n e .  Ext rapola t ing  

seaward f r o m  t h e  lagoon en t rance ,  i t  appears t h a t  nearshcnre zone 

s u r f a c e  water i n  d i r e c t i o n s  from 30 t o  G O  degrees probably con

tribute most t o  waters  cn te r ing  t h e  o u t e r  lagoon segment on a 

f lood  t i d e  . 

Another f e a t u r e  of su r face  c i r c u l a t i o n  t h a t  can be seen by 

comparing the  r e s u l t a n t  d r i f t  block speeds t o  t h e  winds iecorded 

during t h e i r  deployment i s  the  e f f e c t  of winds on surfacc cur

r e n t s .  Since the  d r i f t  blocks were pre-soaked t o  s imula te  sea

water d e n s i t y ,  a reasonable  degree o f  coupling wi th  t h e  s u r f a c e  

l a y e r  was probably achieved. Previous usage of i d e n t i c a l  

d r i f t e r s  (5-13) supports  t h i s  conten t ion .  Hence, an apprec iab le  

percentage of t h e  observed v a r i a b i l i t y  i n  t h e  c a l c u l a t e d  speeds 

i s probably due t o  wind- induced changes.a 
5- 31 
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Summary graphs of a i r  temperature,  wind d i r e c t i o n ,  .md wind 

speed inc luding  the  th ree  measurement per iods a r e  presen:ed i n  

Figures 5 . 4 - 7 ,  5 . 4 - 8  and 5 . 4 - 9 .  Periods of d r i f t  block lieploy

nients a r e  ind ica t ed  by the  v e r t i c a l  l i n e s .  Each of t h e  ; ;raphs 

i l l u s t r a t e s  t he  c l a s s i c a l  sea breeze e f f e c t  mentioned e a . * l i e r .  

During t h e  June deployment, winds were d i r e c t e d  onshore , i t  about 

4 . 2  m/sec ( 9 . 5  mph) (see Figure 5 . 4 - 7 ) .  The s u r f a c e  d r i ' t e r s  

recovered a t  beach t r a n s e c t s  0 and X y i e l d  speeds on t h e  order  

of 2 percent  of the wind speed. Usual ly ,  ob jec t s  on t h e  sea  

s u r f a c e  d r i f t  on the  order  of 1 t o  3 percent  of t h e  wind speed 

( 5 - 1 4 )  so t h a t  the  observed r e s u l t s  a r e  q u i t e  reasonable  In  

August, however, none of t h e  300 r e l eased  su r face  d r i f t e : * s  w e r e  

recovered.  The wind d i r e c t i o n  graph i n  Figure 5 . 4 - 8  proi5des a 

reasonable  explanat ion.  Although the  t i d a l  cu r ren t  was : ' looding,  

t h e  wind w a s  d i r ec t ed  o f f shore .  I n  s p i t e  of t he  f a c t  thr . t  t h e  

wind speeds were extremely slow, t h e  d i r e c t i o n a l  f a c t o r  \vas 

probablv s u f f i c i e n t  t o  keep t h e  d r i f t e r s  o f f shore  f o r  thc 

ensuing beach search per iod .  Wind e f f e c t s  a r e  a l s o  e v i d t n t  i n  

the  November recovery d a t a .  Note t h e  extremely s l o w  r e s i l t a n t  

speeds i n  Table 5.4-4 f o r  November, and t h e  long deploymtnt 

per iod i n  Figure 5 . 4 - 9 .  These r e s u l t s  imply t h a t  t h e  d r i f t e r s  

.probably meandered back and f o r t h  be fo re  f i n a l  recovery cn t h e  

beach. I n  o t h e r  words', water masses i n  t h e  nearshore  zore  prob

ably do n o t  head d i r e c t l y  shoreward (as  might be construcd from 

the  r e s u l t a n t  t r a j e c t o r i e s  i n  Figure 5 . 4 - 6 ) ,  but  meander back 

and f o r t h  and u l t imate ly  reach shore o r  t h e  lagoon entrarice.  

- . : "  , ,  

..., 
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-- 5.4.1.2 Littoral Circulation. A s  gravity waves travel shore

ward, they undergo a series of changes in height and direction 

caused by refraction, shoaling, bottom friction, and percola

tion. Within several hundred meters (yards) of shore, these 

changes establish a littoral current which travels along the . 

shore and is capable of transporting significant volumes of 

beach sediment. The particular types of patterns established 

depend upon wave incidence angle, tidal phase, and surf zone 

topography. Circulatory currents are associated with normal-

wave incidence; meandering currents are associated with oblique-

wave incidence (5-15). 

Because of the different physical mechanisms involved, 

littoral currents are considered apart from the general near-

shore currents discussed above. A number of qualitative (e.g., 

5-16) and quantitative (e.g., 5-17) studies of coastal dynamics 

are discussed in the literature. For the present purposes, how

ever, the data presented by Szuwalski (1970) (5-18) for Carlsbad 

Beach appear to be sufficient to demonstrate the probable extent 

of the littoral source region. According to the Littoral 

Environnental Observation (LEO) program data presented by 

Szuwalski for Carlsbad Beach, upcoast current speeds average 

about 21 cm/sec ( 0 . 4 0  Ict). Downcoast currents are less frequent 

but generally occur at slightly higher speeds (about 30 cm/sec, 

or 0.58 kt) . 
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5 . 4 . 2  Azua Hedionda Lagoon 

Analytical techniques fo r  studying the dynamics of )ays 

and inlets have been used by numerous investigators for .rarious 

sites throughout the world; perhaps the best known of thrse 

studies is that reported by Keulegan ( 1 9 5 1 )  ( 5 - 1 9 ) .  Man 7 of 

the principles developed by Keulegan have been modified lor 

other inlet dynamics studies (e.g., 5 - 2 0 ) .  Analytical d rs

criptions of tidal flows including terms for non-linear kic

tion, varying inertial forces, cross-sectional and surfa:e 

areas are generally available in the literature. 

For the purposes of demonstrating source water or&-ns, 

however, a more site-oriented definition can be given th-ough 

an empirical approach using data taken at the specific sxdy 

site in question. Detailed examination of such data can then 

be site specific and address only those questions which .ire 

unique to that particular study area. Analysis of the citrrent 

measurements taken in 1979  in the outer Agua Hedionda La:;oon 

segment showed a complex, tidally dominated flow structu'e. 

Regions of rapid accelerations and decelerations were foitnd in 

close proximity to regions of horizontal flow convergencl! and 

divergence, vertical shears, and semi-permanent eddies wiere 

local sediment deposition and bottom build-up were enhanc:ed. 

During cach ebb a n d  flood tidal period, a fairly consistcmt 

f l o w  pattern appeared to develop after an approximate laj.;time 

of about 90 minutes with the astronomical tide change. llecause 

of natural variations in wind, wave, and tidal condition:, 
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however, t he  a c t u a l  c i r c u l a t i o n  p a t t e r n s  from t i d e  t o  t i d e  ( see  

Sec t ion  16.3.u)genera l ly  appeared t o  be d i f f e r e n t .  The over 

a l l  f e a t u r e s  of t he  c i r c u l a t i o n  p a t t e r n s ,  however, appeared t o  

be c o n s i s t e n t .  

A s  a means of demonstrating the  o u t e r  lagoon segment phase 

s h i f t  wi th  the  da t a  s e t ,  cons ider  only t h e  c u r r e n t  speed and 

d i r e c t i o n  measurements taken a t  the middle lagoon segment 

en t rance  during times of f lood  t i d e .  S imi la r  d a t a  taken a t  the  

seaward entrance a r e  not  a s  u s e f u l  f o r  t h i s  purpose because 

they a r e  contaminated by wave motions and thus show a g r e a t e r  

amount Df v a r i a b i l i t y .  Likewise,  ebb t i d e  da t a  were no t  used 

because r e l a t i v e l y  more measurements were a v a i l a b l e  during f lood  

t i d e s .  Conceptually,  i t  should be expected t h a t  water  w i l l  flow 

out  of t h e  o u t e r  lagoon segment i n t o  t h e  middle and inne r  

lagoon segments during a f lood  t i d e .  Conversely,  during an ebb 

t i d e ,  flow i n t o  the  ou te r  lagoon segment should be expected. 

To  t e s t  t h i s  concept,  t h e  t i m e  d i f f e r e n c e  between t h e  t i m e  of 

as t ronomical  t i d e  change and each cu r ren t  measurement a t  t h e  

middle lagoon segment en t rance  (abbreviated a s  At) w a s  ca lcu

l a t e d  and p l o t t e d  aga ins t  t he  cu r ren t  d i r e c t i o n .  Figure 5.4-10 

presen t s  t he  r e s u l t s  of t h i s  c a l c u l a t i o n .  A t  t h e  measurement 

s t a t i o n ,  (magnetic) d i r e c t i o n s  between about 30 and 100 degrees 

were out  of t he  o u t e r  lagoon segment; d i r e c t i o n s  between 100 

and 275 degrees were d i r e c t e d  i n t o  the  lagoon segment. Using 

t h e  dashed h o r i z o n t a l  l i n e  as a guide,  no te  t h a t  approximately 

90 minutes e l apse  a f t e r  t he  ast ronomical  t i d a l  change b e f o r e  
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e 	 flow begins  out of the lagoon segment. A l a g  on t h i s  order  a l s o  

appears t o  be c o n s i s t e n t  wi th  t h e  o t h e r  d a t a  taken i n  thg l a 

goon. F u r t h e r ,  over t he  t h r e e  lagoon segment measuremen: p e r i 

ods ,  i.f a t o t a l  of 15 complete passes through the  s t a t i o 1  

c l o s e s t  t o  the  seaward and m i d d l e  lagoon segment entranc2s a r e  

now t abu la t ed  w i t h  respec t  tlo flow d i r e c t i o n  and t i m e  of mea

surement,  then t h e  .following d i s t r i b u t i o n  r e s u l t s :  

Middle Lag ion 
T ida l  Flow Seaward Entrance Se ent En t r ince  
Phase D i r  A t  -.30 min A t  ~ 9 0  > 0 min -Atm min 

Flood i n  7 1 0 3 
ou t  0 0 7 0 

Ebb i n  2 2 5 0 
out  3 0 0 0 

min A t  + 

0 I n  the  second column, "in" r e f e r s  t o  f l o w  " i n t o  t h e  o u t e r  

laEoon segment" and t ' ~ ~ t f lr e f e r s  t o  flow "out of t h e  o u t e r  

lagoon segment. ' I  The d i s t r i b u t i o n  of observa t ions  agree  ; with  

t h e  concept t h a t  once the  phase s h i f t  i s  taken i n t o  a c c o i n t ,  

c u r r e n t s  flow i n t o  the  seaward en t rance  a t  f l o o d  t i d e ,  o i t  a t  

ebb t i d e ;  and, a t  t he  middle lagoon segment en t r ance ,  f l l w  ou t  

a t  f l o o d  t i d e  and i n t o  the  o u t e r  lagoon segment a t  ebb t - d e .  

Allowing f o r  t h e  approximate hour and a h a l f  phase ; h i f t ,  

c i r c u l a t i o n  p a t t e r n s  i n  the  o u t e r  lagoon segment are shorn i n  
. . 

schematic form i n  Figure 5.4-11. The arrows d e p i c t  s t re . lml ines  


of  flow averaged over t h e  t i d a l  pe r iod .  
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On a f l o o d  t i d e  (Figure 5 . 4 - l l a ) ,  cu r ren t s  a t  t h e  seaward 

en t r ance  a t t a i n  speeds as  high as  90 cm/sec (1.75 k t j a ) ;  n o s t  ef 

t h i s  inf low has been observed t o  concent ra te  i n  t h e  southern 

h a l f  of t he  en t rance .  Af te r  passing under the  b r idge  (Carlsbad 

Boulevard),  cu r ren t s  flow across  t h e  lagoon segment, swing 

clockwise along the  northwest bank, and then d iv ide  i n t o  t h r e e  

main components. One component cont inues the  gene ra l  c lockwise 

r o t a t i o n  t o  form a semi-permanent eddy i n  the  no r the rn  p a r t  of 

t he  lagoon segment. The ensuing depos i t ion  of sediment from 

t h i s  eddy i s  probably a primary cause f o r  t h e  bottom bui ld-up 

which develops i n  t h i s  a r ea  and must be removed dur ing  t h e  

b i e n n i a l  dredging. A second component flows southward across  

t h e  length  of the  lagoon segment t o  the  gene ra l ly  s l o w  speed 

reg ion  near  t he  southern end. Speeds a t  t h i s  end a r e  usua l ly  

less than 5 cm/sec (0 .09  k t ) .  The t h i r d  component t u r n s  i n t o  

t h e  middle lagoon segment en t rance .  A t  t h e  log boom t o  t h e  

e n t r a n c e ,  maximum speeds of 80 cm/sec ( 1 . 5  k t )  have been mea

sured during f lood t i d e ;  average speeds a r e  u s u a l l y  less than 

50 cm/sec (1 k t ) .  

O n  an ebb t i d e ,  cu r ren t s  coming out of t h e  i n n e r  lagoon 

segments b i f u r c a t e  a t  t h e  en t rance  and flow toward t h e  no r the rn  

and southern ends.  Speeds a t  t h e  en t rance  have been measured 

t o  more than 50 cm/sec (1 k t )  bu t  diminish r a p i d l y  w i t h i n  t h e  

a .  Current  measurements i n  November 1979 ind ica t ed  speeds of 90 
cm/sec (1 .75  k t ) ;  unconfirmed r e p o r t s  suggest speeds i n  excess  
of 103  cm/sec ( 2  k t ) .  

5-38 

000131 




0 


f i r s t  152  m (500 f t )  across  the lagoon segment. Flows e r i t i n g  

t o  the  ocean only achieve speeds on the  order  of 1 0  cm/s-.c 

( 0 . 1 9  k t ) .  Flows d i r e c t e d  toward t h e  southern end aga in  e n t e r  

a s low reg ion  where speeds a r e  only on the  o rde r  of 5 cm’sec 

( 0 . 0 9  k t ) .  

The analvzed d i s t r i b u t i o n s  upon which these  gene ra l  -zed 

f l o w  p a t t e r n s  were developed a r e  presented i n  Sec t ion  16.3.1.5. 

The analyses  a re  drawn f o r  near -sur face ,  mid-depth, and ’iear

bottom measurements a t  t i d a l  s t ages  corresponding t o  cha.iges 

i n  the  nearshore zone. Note t h a t  each of t h e s e  c i r c u l a t - o n  

p a t t e r n s  appear t o  r ep resen t  some form of mixture  of t h e  gen

e r a l i z e d  f e a t u r e s  i n  Figure 5.4-11.  This i s  a r e s u l t  of 

inc luding  measurements taken over t he  t i d a l  phase l a g  i n  t h e  

averaging t i m e  of t h e  diagram. A t i d a l  curve w i t h  marke1 mea

surement per iod i s  i n s e t  i n t o  each f i g u r e .  A l s o ,  no te  f i a t  

t h e r e  a r e  cons iderable  d i f f e rences  between f l o w  p a t t e r n s  a t  

d i f f e r e n t  depths a t  t h e  same t ime;  t h i s  i s  an i n d i c a t i o n  of 

v e r t i c a i  c u r r e n t  shear ing  and mul t i - l eve l  w a t e r  mixing o1:cur

r i n g  throughout t h e  lagoon segment. 

S t i l l  another  independent demonstration of water m a : s  

o r i g i n s  can be obta ined  by t r a c i n g  t h e  temperature  and s i : l i n i t y  

c h a r a c t e r i st i c s  of t h e  cool ing water e n t e r i n g  t h e  power i l l an t  

t u n n e l s .  I n  the  oceans ,  n e i t h e r  temperature nor  s a l i n i t i - a lone  

a r e  conserva t ive  enough t o  be used a s  a t r a c e r  element.  The 

combination of temperature and s a l i n i t y ,  h o w e v e r ,  has prcwen t o  

b e  a very u s e f u l  w a t e r  mass t r a c i n g  t o o l  i n  p h y s i c a l  oce2:nography 

a 
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since first suggested by Helland-Hansen in 1916 (5-21). In this 


particular application, data taken offshore and measurements in 


the outer lagoon segment show that salinity varies by less than 


one ppt throughout the study area; this implies that most of the 


tracing according to such a technique must be made in terms of 


temperature. 


Temperature variations at the southern end of the outer 

lagoon segment are normally quite small and only show slight 

variations from hour to hour. In late September 1979, however, 

temperature recordings showed some relatively rapid changes which 

can be used in this particular context to demonstrate further the 

origins of cooling water sources. The broad solid graph in the 

upper portion of Figure 5 . 4 - 1 2  shows the variations in tempera

ture of water entering the Encina Power Plant cooling water 

tunnels between September 24 and 30. Temperatures were measured 

with a fast response Powers Model TC 101 thermal probe mounted 

at the boat dock immediately in front of the trash racks leading 

to the tunnels. For comparison purposes, the lighter solid and 

dashed graphs depict the variations in temperature at a measure

ment station located immediately offshore and north of the sea

ward entrance. Data were taken at a near-surface (i.e., 0.3 to 

1 m below the surface) and mid-water depth (i.e., 3 to 4 m below 

the surface). The data were recorded with Peabody-Ryan Model 

3-90  thermographs at California coordinates N 357,688, E 1,663, 

872. The broad solid graph in the lower depiction shows the 

change in tidal height after a 90 minute phase shift of the 
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 i1-c)~ 1 1 ~}1,1-;1pl1. N o t  e t h r %  c lose  correspondence between mini na i n  

the  upper temperature t r a c e  and maxima i n  t h e  s h i f t e d  t i c a l  

curve.  The ca l cu la t ed  c o r r e l a t i o n  c o e f f i c i e n t  between t t e  

s o l i d  graphs i s  r = 0 . 7 7 .  Phys ica l ly ,  t h i s  high degree c f  cor

r e l a t i o n  means t h a t  a f t e r  a f l o o d  t i d e ,  water reaching  t t e  

cool ing water  tunnels  i s  derived mainly from the  seaward en

t r ance .  In  view of the  f a c t  t h a t  the  minima i n  t h e  upper s o l i d  

temperature t r a c e  a r e  genera l ly  c lose r  t o  the  o f f shore  (cashed) 

mid-depth graph than the su r face  temperature graph,  t h e  f lood  

t i d e  source waters a r e  probably 

t i o n ,  t h e  match between minima 

maxima i n  the  temperature curve 

the  cooling water tunnels  a f t e r  

from the  inner  lagoon segments. 

of mid-depth o r i g i n .  In  addi

i n  t h e  s h i f t e d  t i d a l  curve and 

implies  t h a t  waters  en te r ing  

an ebb t i d e  are  der ived  rrainly 

Since the  t o t a l  s u r f a c e  area 

m2of t he  lagoon system i s  about 1 . 4 ~ 1 0 ~  (350 a c r e s )  and a t  30 
2degrees l a t i t u d e ,  approximately 360 g cal/cm /day a re  received 

from i n s o l a t i o n  e f f e c t s  (5-221, i t  i s  poss ib l e  t o  c a l c u l a t e  a 

temperature inc rease  of as much as  3 . 6  C per  day i n  t h e  upper 

meter ( 3  f t ) .  Thus, t o  an approximate order  of magnitude, a 

combination of i n s o l a t i o n ,  res idence t i m e ,  dep th ,  and c lcudi 

ness can expla in  the  noted increases  i n  temperature .  
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5 . 4 . 3  Water Volumes 

A n  approximation of the  order  of magnitude volumes can be 

obtained by using t h e  measured cu r ren t s ,  dimensions of t h e  en

trances,  and average t i d a l  he igh t  va lues .  F i r s t  an e s t ima te  f o r  

t h e  t i d a l  pr ism of t he  outer  lagoon segment can be obtained by 
5first not ing  t h a t  t h e  MHW su r face  a r e a  i s  about 2 . 7 ~ 1 0  m2 

( 6 6  acres>(b). Bradshaw's (1976) (5-23) s tudy suggests  t h a t  t h e  

MLW su r face  a r e a  i s  l e s s  than the  MHW va lue  by about 20 pe rcen t ,  

or to 21x10 5 m2 (52 a c r e s ) .  I f  t he  lagoon segment a r e a  i s  then 

approximated t o  be  twice as  long  as i t  i s  wide and the  mean NOS 

(1979 (5-24) t i d e  range of  1.1m (3 .7  f t )  i s  accepted,  then t h e  

mean volume change from MLW t o  MHW, o r  t i d a l  p r i s m ,  can be c a l 

cu la t ed  t o  be approximately 2 .  5x105 m3 (200 a c r e  f t )  . 
Next, us ing  averages of t he  c u r r e n t  measurements taken a t  

the seaward and middle lagoon segment en t r ances ,  i n t e g r a t i n g  

the  speeds over  t h e  du ra t ion  of t h e  t i d a l  phases ,  and account ing 

f o r  t h e  c r o s s - s e c t i o n a l  a r eas  of t h e  en t r ance (c ) ,  exchange vol

unies over t i d a l  phases were c a l c u l a t e d .  

A t h i r d  f a c t o r  t o  consider  i n  the  lagoon segment water  

balance i s ,  of course ,  the use of cool ing water b y  t h e  Encina 

Power P l a n t .  The volume demand from t h i s  source v a r i e s  i n  

b .  	Eased on toFographic map provided by SDG&E wi th  f i n a l  depth
soundings a s  of  A p r i l  1 9 7 9 .  

c .  	A t  X U W ,  t h e  mean c r o s s - s e c t i o n a l  a r e a s  of t h e  seaward and 
middle lagoon en t rances  a r e  844 and 750 f t 2 ,  r e s p e c t i v e l y .
Depth soundings were taken on July 1 9 ,  1 9 7 9 .  
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accordance wi th  t h e  number of u n i t s  and pumps i n  o p e r a t i m ,  and 

the gene ra l  requirement f o r  cooling t h e  condensers.  Over a s i x -

hour pe r iod ,  constant  f l o w  rates  ( i n  m i l l i o n  ga l lons /day ,  mgd) 

i n  d i f f e r e n t  opera t ing  modes provide d i f f e r e n t  water' i n t i k e  

volumes. For example, 

9 e r a t i n g  Condition- -___-L 

Six-hsur  V )lune
Rate (mgd) 106m3 (ac r . i - f t )  

Maxi.nium f l o w  1149.8  1 . 0  (88:)) 
Units 1-5 828 0 . 7  ( 6 3 3 )  
Units 1, 2 ,  4 ,  5 ope ra t ive  524  0 . 5  (40  -1 
Units 1, 2 ,  3 ,  4 360 0 . 3  (27;) 
Units 1, 2 ,  3 153 0.1 (11-7) 

Compiling these  r e s u l t s  and assuming opera t ion  of Units . - -5 ,  t h e  

orders  of magnitude volumes exchanged i n  a six-hour per i l )d  i n  

ou te r  Agua Hedionda Lagoon a re  probably something l i k e  Lie f o l 

lowing 

During a flood t i d e ,  approximately 1600 a c r e - f t  o f  i 'ater 

e n t e r s  t he  seaward en t rance  of  t he  ou te r  lagoon segment. About 

h a l f  of  t h i s  volume f lows into t h e  middle and upper 1agoc.n s e g 

ments, while  200 a c r e - f t  remains i n  t h e  o u t e r  lagoon segci.ent. 

A n e t  volume of about 6c)O acre- f t  t h e r e f o r e  e n t e r s  t h e  cc.oling 

water  tunnels  t o  complete t h e  f l o o d  t i d e  volume ba lance .  
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On an ebb t i d e ,  approximately 800 a c r e - f t  of water  r e t u r n s  

from the  middle and upper lagoon segments. About h a l f  of t h i s  

volume exi . t s  t o  the  ocean a t  t h e  seaward en t r ance .  The remain

ing 400 a c r e - f t  combines w i t h  the  approximate 200 a c r e - f t  

der ived from the  f a l l i n g  water l e v e l  t o  provide t h e  600 a c r e - f t  

requi red  by the  power p l a n t  f o r  cool ing wa te r .  
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5 . 5  ENTMINMENT P R O B A B I L I T Y  

5 . 5 . 1  Far-Field-

Since t h e r e  a r e  two f lood  t i d e s  i n  the  t i d a l  day,  a t o t a l  

m3volume on the  order  of  4 . 0 ~ 1 0 ~  (3200 a c r e - f t )  m u s t  enxer  t h e  

o u t e r  lagoon segment pe r  day. Based on t h e  r e s u l t s  d i s c x s e d  

i n  Sec t ion  5 . 4 . 1 . 1 ,  i f  an o f f shore  water pa rce l  has abou.: one 

chance i n  t h r e e  of en te r ing  t h e  lagoon, then a t o t a l  off . ;hore 

m3volume of 1 2 . 0 ~ 1 0 ~  (9600 a c r e - f t )  must be cons idered .  Addi

t i o n a l l y ,  t h i s  volume must be composed of both l i t t o r a l  ind 

nearshore waters .  Inasmuch as temperature measurements -n t h e  

lagoon segment genera l ly  do n o t  i n d i c a t e  hea t ing  e f f e c t s  caused 

by d ischarge  r e c i r c u l a t i o n ,  t h e  average southern l i m i t  o ?  the  

downcoast l i t t o r a l  volume must be loca t ed  nor th  of t h e  d - scha rge  

j e t t y .  To t he  n o r t h ,  an average l i t t o r a l  speed of  30 cm'sec  

( 0 . 5  kt) p laces  t h e  24-hr reach  of t h e  l i t t o r a l  ex ten t  a :  26 km 

(16 mi) upcoas t .  The t o t a l  volume of t h e  one-day l i t t o r # t I  

m3source  reg ion  i s  the re fo re  2 . 0 ~ 1 0 ~  (1700 a c r e - f t ) .  Tlie 

m3remaining 1 0 . 0 ~ 1 0 ~  (7900 a c r e - f t )  must be drawn f r o m  , t  near -

shore  rcf,ion that  i s  s i t u a t e d  i n  the  nearshore zone i n c l  ned t o  

t h e  coas t  by 30 t u  6 0  degrees upcoas t .  A schematic of t1.e 

p r o b a b l c  e x t m t  of r h i s  one-day source reg ion  i s  present ( :d  i n  

Figure 5 . 5 - 1 .  A t  t he  seaward en t r ance ,  a water p a r c e l  h;.s a 

34 percent  p r o b a b i l i t y  of e n t e r i n g  t h e  lagoon; o f f shore  1:roba

b i l i t i e s  must decrease wi th  d i s t a n c e  t o  t h e  volume l i m i t  where 

t h e  p robab i l i t y  f o r  one-day e n t r y  i s  z e r o .  

5-45 
: . E , . 000138 



5 . 5 . 2  Near-Field 

Within the outer lagoon segment, a more quantitative 

approach can be taken to estimate entrainment probabilities. 

There are two physical parameters that can be used to define 

entrainment probability - - 1) distance from the power plant 

tunnel entrances, and 2) direction of flow. Speed is not con

sidered to be an important parameter because entrance into the 

cooling water tunnel at any speed will not occur unless it is 

heading in an appropriate direction. 

At each sampling station depth during each tidal phase, 


the direction of the measured current was assigned a probabi


listic value between 0 and 100 percent in accordance with its 


heading towards the cooling water tunnels. That is, 100 per


cent was assigned to a vector heading directed at the entrance; 


an 0 was assigned to a direction opposite. Intermediate direc


tions were assigned values between the two extremes. No dis


tinctions between deviations to the right or left were made. 


At each sampling station, the distance from the tunnel entrance 


was also assigned a probability value from 0 to 100 percent. A 

value of 0 was assigned to points removed from the tunnel 

entrance by the maximum length of  the outer lagoon segment 

(about 823 m or 2700  ft). By assuming that both probability 

distributions were independent, a multiplication of the direc

tion and distance probabilities yielded estimates for the joint 

entrainment probability. 

Figures 5 . 5 - 2  through 5 . 5 - 7  present the results of con

touring the potential entrainment probability results for the 
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June, August, and November data sets, respectively. Eacr figure 

has been drawn for flood tide and ebb tide at near-surfale, 

middle, and near-bottom depths. Isopleth probability va-ues are 

labeled in percent. Unit 3 w a s  inoperative in the June lata 

sets. 

The independence of probabilities assumption is prolably 

valid over most of the near-field region. In the area d.rectly 

in front of the cooling water tunnels where the draw-down of 

t h o  operating units is evident, the higher percentage istipleth 

locations in the figures may be an underestimate of the .ictual 

area where the higher probability of entrainment would ot.’cur. 

In either case, however, the relative locations of the’lower 

value isopleths would remain unchanged. 

Several features of the results are common between rlonths. 

First, the basic shapes of the seasonal distributions at each 

depth are similar. This result agrees with the current cata 

which suggest that the underlying flood and ebb tide f l o l  p a t 

terns in t h e  outer lagoon segment do not undergo pronounced 

changes from season to season. The pattern changes from sur

face to bottom during any particular tidal phase are again an 

indication of the vertical variability discussed in Sectjon 

5 . 4 . 2 .  

A second feature to note is that the 10 percent isoFtleth i s  

consistently found near the northern and eastern extremities of 

the lagoon segment. Interpreted in another sense, this t y p e  of 

distribution permits planktonic matter a 30 percent probz:bility 

5-47 




of escaping entrainment .  I n  o ther  words, no t  a l l  of t h e  plank

ton d r i f t i n g  i n t o  the  lagoon system can be e n t r a i n e d ;  a c e r t a i n  

populat ion must a l s o  r e t u r n  t o  t he  ocean on each ebb t i d e .  

By no t ing  the  consecut ive p o s i t i o n s  of t h e  50 percent  i s o 

p l e t h ,  i t  can a l s o  be noted t h a t  planktonic  m a t e r i a l  has a more 

than even chance of no t  being en t r a ined  over most of t he  a r e a  

of t h e  lagoon segment. Fu r the r ,  t h e  70 and 90 pe rcen t  i s o p l e t h s  

a r e  usua l ly  loca ted  we l l  w i th in  the  southern t h i r d  of t he  lagoon 

segment. 

F i n a l l y ,  t h e  i s o p l e t h s  s h i f t  toward the  seaward en t rance  on 

a f lood  t i d e ,  and toward the  middle lagoon segment en t rance  on 

an ebb t i d e .  Again, t h i s  r e s u l t  agrees  with t h e  schematic cur

r e n t  flow p a t t e r n s  presented e a r l i e r  i n  Figure 5 . 4 - 1 1 .  

5 . 5 . 3  In take  E f f e c t s  

Using 70 percent  entrainment  p r o b a b i l i t y  i s o p l e t h s  t o  

def ine  in t ake  e f f e c t s ,  Figures 5 . 5 - 2  through 5 . 5 - 7  show t h a t  

the maximum ex ten t  of t h e  in t ake  e f f e c t  i s  about 3 0 4  m (1000 

f t )  i n t o  the  southern end of t h e  ou te r  lagoon segment. Refer

r i n g  t o  t he  cu r ren t  d a t a  i n  Sec t ion  1 6 . 3 . 1 . 5 ,  t h i s  r a d i u s  a l s o  

agrees  w i t h  s t a t i o n  d a t a  which show predominant c u r r e n t  flows 

i n  d i r e c t i o n s  o the r  than towards the  i n t a k e  t u n n e l s .  

I n  f r o n t  of t h e  t r a s h  racks  leading t o  t h e  cool ing  water  

t u n n e l s ,  higher  inflow speeds appeared on t h e  deeper  western 

s i d e .  Maximum speeds on t h i s  s i d e  a r e  on t h e  o rde r  of 45  c m /  

s ec  ( 0 . 8 0  k t ) ;  speeds on the  e a s t e r n  s i d e  a r e  about  26 cm/sec 

( 0 . 5 0  k t )  . 
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5 . 6  DISCUSSION 

Analysis of the da ta  taken during the  th ree  f i e l d  mfasure

ment per iods  i n  1979 presents  a bas i c  p i c t u r e  of source l a t e r  

involvement during the  predominant "dry" season .in southt r n  

C a l i f o r n i a .  During periods of seasonal  r a i n f a l l  such a s  Janu

.ary o r  February,  drainage of Agua Hedionda and Buena Crerks may 

r e s u l t  i n  f r e sh  water addi t ions  of as g r e a t  a s  6787 mgd (10 ,500  

c f s )  ( 5 - 2 5 ) ;  t h i s  add i t ion  i s  on the  order  of 8 .5  t i m e s  t he  

mean flow r a t e  of Units 1-5 .  Lagoon s a l i n i t i e s  may then drop 

t o  as low as 20 p p t  and d i f f e r e n t  c i r c u l a t i o n  p a t t e r n s  a rd  

volume balances may become e s t a b l i s h e d .  The present  dats  do 

not  address  such an occurrence.  

Over per iods of s eve ra l  days,  t h e  main source f o r  Ercina 

Power P l a n t  cooling water during a l l  seasons i s  rhe ad jacent  

c o a s t a l  zone of t he  P a c i f i c  Ocean. During f looding  t i d e s ,  

waters  e n t e r i n g  t h e  seaward en t rance  from t h e  nearshore and  

l i t t o r a l  zones f l o w  along the  length  of the  ou te r  lagoon seg

ment t o  t h e  cooling water tunnels  and i n t o  t h e  inner  l a g c m  

segments. On the  fol lowing ebb t ide. ,  waters r e t u r n i n g  f r m  

the  inne r  lagoon segments b i f u r c a t e  a t  t h e  middle lagoon Seg

ment: en t r ance  and supply t h e  cool ing water  demand wi th  on? 

branch and r e t u r n  f l o w  t o  the  ocean wi th  t h e  o t h e r .  Bo th  t he  

ocean and the  inner  lagoon segments can t h e r e f o r e  be considered 

t o  b e  source regions f u r  power p l a n t  cool ing  water  over per iods 

of a t i d a l  c y c l e .  
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BIOLOGICAL ENVIRONMENT: ABUNDANCE AND DISTRIBUTION OF 
CRITICAL AND NON-CRITICAL SPECIES I N  STUDY AREA 

6 . 1  ABSTRACT AND SUMMARY 

The abundance and d i s t r i b u t i o n  of c r i t i c a l  and n o n - c r i t i c a l  

species  was examined i n  a year-long study conducted a t  t he  

Encina Power Plant  located on the  southern Ca l i fo rn ia  coas t l i ne  

35 miles north of San Diego. Cooling water i s  taken i n  from 

a coas t a l  lagoon (Agua Hedionda Lagoon) and discharged i n t o  the  

sur f  zone of the  Pac i f i c  Ocean. Habi ta ts  occurr ing i n  the  

v i c i n i t y  include sandy beach, rocky r e e f ,  kelp beds,  and lagoon. 

Of the  550 f i s h  species  occurring along C a l i f o r n i a ' s  c o a s t l i n e ,  

254 a r e  expected t o  occur i n  t h e  v i c i n i t y  of t h e  Encina Power 

Plant  ( 6 - 1 ) .  

e 

With the  construct ion of the Encina Power P lan t  i n  1952,  

Agua Hedionda Lagoon was dredged t o  increase  t h e  water a rea  and 

t o  provide an adequate t i d a l  p r i s m  f o r  condenser cooling water.  

Permanent t i d a l  f lush ing  i n  the  lagoon w a s  e s t ab l i shed .  P r io r  

t o  t h i s  time, frequent c losings of t h e  lagoon mouth were r e 

ported as e a r l y  a s  1887. Forty-nine f i s h  spec ies  have been 

reported from Agua Hedionda Lagoon i n  s t u d i e s  by other  authors 

( 6 - 2 ) .  

A number of f a c t o r s ,  such a s  temperature,  upwelling, com

mercial  f i s h i n g  p res su re ,  food a v a i l a b i l i t y  and spawning be

havior a f f e c t  seasonal  pa t t e rns  of f i s h .  Many species E w e  
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offshore in winter and inshore in summer months. . A .number 

move inshore for spawning. Others spawn offshore. Lagoon 


and bay areas and estuarine regions can serve as feeding and 


spawning grounds for some species. They also represent impor

. tant nursery areas for the young of many marine species.. Shal- t 

low water habitats in these environments such as marshes and 


eel grass beds provide food supplies and shelter for develop

ing larvae and juveniles. 


Critical species (16 fish, 11 ichthyoplankton, and one 


zooplankton) were selected, based on six criteria and approved 


by the RWQCB-SDR for detailed study during the program (Table 


6.3-1). After field studies were initiated some additional 


species were treated in the same way as critical species (Table 


6.3-2). These species were frequently found during the sampling 


program. Criteria used in selecting critical species included: 


0 Representative of a balanced.comunity 

0 Commercially or recreationally valuable 

. 0  Critical to structure and function of ecosystem 

0 Food chain necessity 

0 High potential for impingement or entrainment 

0 Threatened o r  endangered species. 

Records of fishes impinged at the Encina Power Plant from 1972 

through 1978 (based on eight-hour samples several times per 

month) were reviewed in evaluating those species with high 

potential for impingement. Not all criteria were necessarily 

applied in order to place a species on the critical species list 
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L i f e  h i s to ry  data f o r  the  c r i t i c a l  species  (Section 6 . 3 . 4 )  

was used i n  the several  analyses undertaken i n  the  e n t i r e  study. 
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6 . 2  EXISTING ENVIRONMENTAL SETTING 

6 . 2 . 1  H i s t o r i c a l  Information 

6 . 2 . 1 . 1  Inventory of Offshore Species .  Approximately 550 spe

c i e s  of marine f i s h e s  r ep resen t ing  144 f a m i l i e s  occur a long t h e  

1000 m i l e s  of Ca l i fo rn ia  c o a s t l i n e  (6-3) .  

A number of these  a r e  confined t o  s p e c i f i c  reg ions  o r  water 

depths .  Those species  (254) expected t o  occur i n  t h e  v i c i n i t y  

of t h e  Encina Power P lan t  i n  southern C a l i f o r n i a  a r e  shown i n  

Table 6 . 2 - 1 .  A number of t hese  spec ie s  a r e  more common i n  deeper 

o f f shore  waters  and as such a r e  not  a p t  t o  be caught i n  t h e  study 

a rea  f o r  t h i s  program. The h a b i t a t s  occur r ing  i n  t h e  v i c i n i t y  of 

t he  Power P lan t  (sandy beach, rocky r e e f ,  ke lp  beds,  and lagoon) 

a r e  such t h a t  inshore sandy bottom s p e c i e s ,  ke lp  bed f i s h e s ,  s u r f  

zone spec ies  and those favoring embayments and lagoons are t h e  

spec ies  most l i k e l y  t o  be c o l l e c t e d  i n  t h e  s tudy a r e a .  I n  addi

t i o n ,  t h e  h a b i t a t s  p re fe r r ed  by a number of spec ie s  are such 

t h a t  they a r e  -not l i k e l y  t o  be  captured w i t h  t h e  sampling gear  

a l though they may be present  i n  t h e  a r e a .  

6 . 2 . 1 . 2  Inventory of Agua Hedionda Lagoon Species .  Agua Hedi

onda Lagoon i s  a c o a s t a l  lagoon w i t h i n  t h e  l i m i t s  of t h e  C i t y  of 

Carlsbad. It i s  divided i n t o  t h r e e  s e c t i o n s  (Figures  2 .1-2  and 

2 . 1 - 3 ) ,  each connected by narrow channels .  The o u t e r  lagoon 

occupies 2 6 . 7  hec t a re s  and i s  open t o  t h e  ocean on t h e  northwest  

corner  through two r i p - r a p  j e t t i e s .  It i s  f r inged  with e e l g r a s s  
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Table 6.2-1 

FISHES EXPECTED TO OCCUR 


IN THE VICINITY OF THE ENCINA POWER PLANT 

AUGUST 1, 1980 


Heterodontidae 

tiet erodont u s  f r a n c i s c i  
(Horn shark) 


Squalidae 
S q  ua1u s  a can th i  as 
(Spiny dogfish) 

Squatinidae 

S q u a t i n a  c a l i f o r n i c a  
(Pacific angel shark) 


Alopiidae 

A l o p i a s  v u l p i n u s
(Common thresher) 


Scyliorhinidae 
Cephal osc y 11iurn ventriosurn 
(Swell shark) 

Lamnidae 

I s u r u s  o x y r i n c h u s
(Bonito shark) 


Carcharhinidae 
Tr.ia k i  s s e m i  f a s c i at a  
(Leopard shark) 
Muste l  u s  c a l i f o r n i c u s  
(Gray smoothhound) 


Mustc l  u s  henlei 
(Brown smoothhound) 
Gal e o r h i n u s  z y o p t e r u s
(Soupfin shark) 


P r i  ona ce g l  a uca 
(Blue shark) 


R h i  zopr ionodon  l o n g u r i o
(Pacific sharpnose shark) 


Torpedinidae 
Torpedo C a l i  f o r n i c a  
(Pacific electric ray) 

Platyrhinidae 

P l a t  yrhinoi d i s  triseria t a  
(Thornback) 


Rhinobatidae 

Rhinoba tos  p r o d u c t u s
(Shovelnose guitarfish) 


Rajidae 

Raja  bin o c u l  a t a  
(Big skate) 


Raja  i n o r n a t a  
(California skate) 


Raja  r h i n a  
(Longnose skate) 


Myliobatididae 

Myl i  oba t i s  c a l  ifornic a  
(Bat ray) 


Dasyatididae 

Urolophus  h a l l e r i  
(Round stingray) 


Gymn ura marmora ta 
(California butterfly ray) 
Dasy a t i  s d i p t e r u r a
(Diamond stingray) 

Albulidae 

A l b u l a  v u l p e s
(Bonefish) 


Muraenidae 
Gymnothorax mordax 
(California moray) 

Ophichthidae 

Myrophis  v a f e r  
(Pacific worm eel) 


Ophich thus  z o p h o c h i r  . 
(Yellow snake eel) 
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Table 6.2-1 (Continued) 


_- 
r1p.d iclithLIS t r is cri ‘3 1i s  
(Spotted snake eel) 

Clupeidae 

Dorosoma p e t e n e n s e
(Threadfin shad) 


O p i s t h o n e m  m e d i r a s t r e  
(Middling thread herring) 


Etrumeus teres 
. (Round herring) 

c1upea h a r e n g u s
(Pacific herring) 
S a r d i n o p s  s a g a x  c a e r u l e u s  
(Pacific sardine) 

A1o s a  s a p i  d i  s s i m a  
(American shad) 
Harengula t h r i s s i n a  
(Flatiron herring) 


Engraul.idae 

E n g r a u l i s  nwrdax 
(Northern anchovy) 


Anchoa compressa 
(Ileephody anchovy) 

Anchos d e l i  ca t i s s i m a  
(Slough anchovy) 


Salmonidae 
Oncorhy n  c h u s  t sha wy t scha 
(King salmon) 
Oncorhynchus k i  s u t c h  
(Silver salmon) 


Argentinidae 

A r g e n t i n a  S i a l i s  
(Pacific argentine) 


Synodontidae 

Synodus  1u c i  o c e p s
(California lizardfish) 


Batrachoididae 

Pori c h t h y s  m y r i a s t e r
(Speckled midshipman) 


P o r i  chthy s  n o t a  tu s  
(Plainfin midshipman) 


Ophidiidae 

C h i l a r a  t a  ylori
(Spotted cusk-eel) 


O t o p h i d i  um s c r i p p s i
(Basketweave cusk-eel) 

Brotulidae 

Brosmophyc i s  marg ina ta
(Red brotula) 


Gobiesocidae 
Gobiesox p a p i l l i  fer 
(Bearded clingfish) 

Gobiesox rhessodon 
(California clingfish) 


R i m i c o l a  eigenmnni
(Slender clingfish) 


R i m i c o l a  mi scarum 
(Kelp clingfish) 


Merlucciidae 
M e r 1  u c c i  u s  p r o d u c t  us  
(Pacific hake) 

Gadidae 

M i  c r o g a d u s  prox imus  
(Pacific tomcod) 


Zoarcidae 

L y c o d o p s i s  p a c i f i c a
(Blackbelly eelpout) 


Exocoetidae 

F o d i a t o r  a c u t u s  
(Sharpchin flyingfish) 


C y p s e l u r u s  h e t e r u r u s  
(Blotchwing flyingfish) 


C y p s e l  u r u s  c a l i f o r n i c u s  
(California flyingfish) 


Belonidae

S t r o n g y l u r a  e x i l i s  
(California needlefish) 
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Table 6 . 2 - 1  

Scomberesacidae 

C o l o l a b i s  s a i r a  
(Pacific saury) 


Cuprinodontidae 

Fundulus  p a r v i p i n n i s
(California killifish) 


Atherinidae 

L e u r e s t h e s  t e n u i s  
(California grunion) 


A t h e r i n o p s i s  c a l  i f o r n i e n s i s  
(Jacksme1t) 

A t h e r i n o p s  a f f  i n i s  
(Topsmelt) 

Syngnathidae 

Syngna t h u s  C a l i  forniensis 
(Kelp pipefish) 


Syngna t h u s  l e p t o r h y n c h u s
(Bay pipefish) 


S y n g n a t h u s  a r c t u s  
(Snubnose pipefish) 


Syngna t h u s  a ulis c u s  
(Barred pipefish) 

Scorpaenidae 

Scorpa exia g u t t a  t a  
(Sculpin or Spotted

scorpionfish) 


Scorpaenodes  x y r i s
(Rainbow scorpionfish) 


S e b a s t  cs v e x i  11a r i s  
(‘Whitebelly rockfish) 
S e b a s t e s  d a l l i i  
(Calico rockfish) 


S c b a s t e s  s e r r i c e p s
(Treefish) 


S e b a s t e s  c h r y s o m e l a s
(Black-and-yellowrockfish) 


S e b a s t e s  c a r n a t u s  
(Gopher rockfish) 


(Continued) 


S e b a s t e s  a u r i c u l a t u s  
(Brown rockfish) 


S e b a s t e s  r a s  t re l lig e r
(Grass rockfish) 


S e b a s t e s  a t r o v i r e n s  
(Kelp rockfish) 


S e b a s t e s  m y s t i n u s
(Blue rockfish) 


S e b a s t e s  h o p k i n s i
(Squarespot rockfish) 


S e b a s t e s  o v a l i s  
(Speckled rockfish) 


S e b a s  tes ento m e la s  
(Widow rockfish) 


S e b a s t e s  f l a v i d u s  
(Yellowtail rockfish) 


S e b a s t e s  s e r r a n o i d e s  
(Olive rockfish) 


S e b a s t e s  c o n s t e l l a t u s  
(Starry rockfish) 


S e b a s  tes r o s a c e  u s  
(Rosy rockfish) 

S e b a s t e s  umbrosus 
(Honeycomb rockfish) 


S e b a s t e s  ttnsifer 
(Swordspine rockfish) 


S e b a s t e s  eos 
(Pink rockfish) 


S e b a s t e s  r o s e n b l a  tti 
(Greenblotched rockfish) 


S e b a s  tes j o r d a n i
(Shortbelly rockfish) 


S e b a s  tes r u b r i  vinctus 
(Flag rockfish) 

S e b a s t e s  p a u c i s p i n i s
(Bocaccio) 


S e b a s t e s  goodei
(Chilipepper) 
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S e b a s t e s  r u b e r r i m u s  
(Yelloweye rock f i sh )  
S e b a s t e s  levis  
(Cowcod) 
S e b a s t e s  r u f  u s  
(Bank rockf i sh )  
S e b a s t e s  a l u t u s  
( P a c i f i c  ocean perch) 
S e b a s t e s  p i n n i g e r
(Canary rockf i sh)  
S e b a s t e s  s a x i c o l a  
( S t r i p e t a i l  rock f i sh )  
S e b a s t e s  semi c i n c t u s  
(Halfbanded rockf i sh )  
S e b a s t e s  wilsoni 
(Pygmy rockf i sh )  

T r i g l i d a e  
r r j o n o t u s  s t e p h a n o p h r y s
(Lunip t a i  1 searob i n )  

Anoplopomatidae 
Anoplopoma f i m b r i a  
(Sablef i sh)  

Zanlo lep i d i d a e  
Z a n i o l c p i s  f r e n a t a  
(Shortspine combfish) 
Z a n i o l e p i s  l a t i p i n n i s
(Longspine combfish) 

Hexogrammidae 
O x y l e b i u s  p i c t u s  
(Painted greenl ing)  
Ophiodon e l o n g a  tu s  
(Lingcod) 
ifexagrammos decagrammus 
(Kelp  greenl ing)  

Cort idae 
Rhamphocot  t u s  r i c h a r d s o n i i  
(Grunt s cu lp in )  

(Continued) 

S c o r p a e n i c h t h y s  marmoratus 
(Cabezon) 

L e p t o c o t t u s  a r m a t u s  
(Staghorn scu lp in )  

Icel i nu s  q u a d r i s e r ia t u s  
(Y  el lowchin s culp in)  

Icel i n u s  o c u l  a t  us 
(Frogmouth scu lp in)  

I c e l i n u s  burchami  
(Dusky scu lp in )  

I c e l i n u s  f i l a m e n t o s u s  
(Threadfin scu lp in )  

I c e l i n u s  t e n u i s  
(Spot f in  scu lp in )  

I c e l i n u s  c a v i f r o n s  
(Pi thead scu lp in )  

C h i  t o n o t u s  p u g e t e n s i s
(Roughback scu lp in )  

Orthonop ias tria cis 
(Snubnos e scu lp in )  

A r t e d i  u s  c o r a l l i n u s  
(Cora l l i ne  scu lp in )  

A r t e d i u s  l a t e r a l i s  
(Smoothhead scu lp in )  

A s t e d i u s  n o t o s p i l o t u s
(Bonyhead scu lp in )  

A r t e d i u s  c r e a s e r i  
(Roughcheek scu lp in)  

O l i g o c o t t u s  s n y d e r i
(F luf fy  scu lp in )  

01igocott u s  r u b e l l i o  
(Rosy s c u l p i n )  

L e i  ocottu s  hi rundo 
,(Lavender scu lp in )  
C l i n o c o t t u s  a n a l i s  
(Wooly scu lp in )  
C1inocottu s  e m b r y  urn 
(Cal ico scu lp in )  
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C l i n o c o t t u s  r u c a l v u s  
(Bald scu lp in)  

A g  onidae 
St e l l  e r i n a  x y o s t e r n a  
(P r i ck leb reas t  poacher) 
A g o n o p s i s  s t e r l e t u s  
(Southern spearnose) 
Odont o p y x i  s t r i s p i  Rosa 
(Pygmy poacher) 
A s  te r o t h e c a  pent acan tha  
(Bigeye s ta rnose)  
Xenere tmus  ri t teri 
( F l a g f i n  poacher) 
Xcnere tmus  t r i a c a n t h u s  
(Bluespotted poacher) 
Xenere tmus  l atifrons 
(Blackedge poacher) 

Lipar id idae  
L i p a r i s  mucosus 
(Slimy s n a i l f i s h )  

Ser ran idae  
S t e r e o l e p i s  g i g a s
(Giant sea  bass)  
Mycteroperca  xenarcha 
(Broomtail grouper) 
Mycteroperca  j o r d a n i
(Gulf grouper) 

H cmantli i  as peruanus
( S p l i t t a i l  bass) 

E p i n e p h e l  u s  ana logus
(Spotted cabr iI1a)  

Epincphel u s  n.iv e a t u s  
(Snowy grouper) 
l’aralabrax c l d t h r a  tu s  
(Kelp bass ) 
i’aral a b r a x  macula t o f a s c i a t  u s  
(Spotted sand bass)  

(Continued) 

Para labrax  n e b u l i f e r  
(Barred sandbass) 

Branchios t e i g i d a e  
C a u l o l a t i l u s  p r i n c e p s
(Ocean wh i t e f i sh )  

Echeneididae 
Remora remora 
(Remora) 

Carangidae 
Trachurus  symrnetr icus
(Jack mackerel) 

Decapt e r u s  hypodus
(Mexican scad) 

Naucra te s  d u c t o r  
( P i l o t  f i s h )  

S e r i o l a  d o r s a l i s  
( Y e  11owta i l )  

S e r i o l a  c o l b u r n i  
( P a c i f i c  amberjack) 

O l i g o p l i t e s  s a u r u s  
(Leather j  acket)  

Chloroscombrus o r q u e t a
( P a c i f i c  bumper) 

Caranx c a b a l l u s  
(Green jack)  

Coryphaenidae 
Coryphaena hippurus
(Dolphinf i s h )  

Pr i s t ipomal idae  
Xeni s t i  u s  C a l iforniensis 
(Salema) 

A n i  s o t r e m u s  d a v idson.;.i 
(Sargo) 

Mullidae 
Mu1l o id i  c h t h y s  d e n t a  ::us 
(Mexican g o a t f i s t , )  
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Table 6 . 2 - 1  (Continued) 

Sciaenidae 
S e r i p h u s  p o l i t u s
(Queenf i s h )  
Cynoscion n o b i l i s  
(White seabass) 
Cynosc.ion x a n t h u l  u s  
(Orangemouth corvina) 
C y n o s c i  on p a r v i p i  nni s 
(Shortf  i n  corvina) 
Menti ci r r h u s  undul a t  u s  
(Ca l i fo rn ia  corbina) 
L'enyonemus l i n e a t u s  
(White croaker) 
Koncador st e a r n s i  
(Spot f in  croaker) 
C h e i l o t r e m a  sa turnum 
(Black croaker) 

G i r e l l i d a e  
G j r c l l a  n i g r i c a n s  
(Opaleye) 

Kyphosidae 
H e r m o s i l l a  a z u r e a  
(Zebraperch) 

Scorpididae 
Medial  una c a l i f o r n i e n s i s  
(Halfmoon) 

Embiotocidae 
Rlia cochi 1u s  t o x o  tes 
(Rubberlip sur fperch)  
Bmbiotoca j a c k s o n i
(Black sur fperch)  

.q mphistichu s  a r g e n t  eu s  
(Barred s u r f p e r c h )  
Amph.i.stichus koel z i  
(Cal ico sur fperch)  
l f yperprosopon  a n a l e  
(Spot f in  sur fperch)  

Hyperprosopon a r g e n t e u m
(Walleye sur fperch)  
wy p e r p r o s o p o n  e l l i p t i c u m
(S i lve r  sur.fp er  ch) 

Cyma t o g a s  ter a ggrega t a  
(Shiner su r  f p erch) 

Hypsurus cary i
(Rainbow s u r f  perch) 

Brachy i  s tius frenatu s  
(Kelp su r fpe rch )  

Micrometrus  min imus  
(Dwarf su r fpe rch )  

Micrometrus  a u r o r a  
(Reef s u r f  perch) 

Damal ichthy s  v a c c a  
( P i l e  su r fpe rch )  

Phanerodon fu r c a t u s  
(White su r fpe rch )  

Phanerodon a t r i p e s  
(Sharpnos e s u r f  perch) 

Pomacentridae 
Hypsypops r u b i c u n d u s  
(Gariba ldi) 

C h r o m i s  p u n c t i  p i n n i  s 
(Blacksmith) 

Mugi 1idae 
Mugil c e p h a l u s
(S t r iped  mullet) 

Sphyraenidae 
Sphyraena a r g e n t e a
( C a l i f o r n i a  barracuda) 

Labridae 
Pimelometopon p u l c h r u m
( C a l i f o r n i a  sheephead) 

Oxyj u l  i s  c a l  ifo r n i c a  
(Senor i ta )  

Halichoeres s e m i c i n c t u s  
(Rock wrasse) 
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Anarhichadidae 
A n a r r h i  c h t h y s  ocella t  u s  
(Wolf-eel) 

Blenniidae 

H y p s o b l e n n i u s  gent i l i s
(Bay blenny) 

Hypsoblenni  u s  g i l b e r t i
(Rockpoo1 blenny) 
H y p s o b l e n n i u s  j e n k i n s i
(Musse1 blenny) 

Clinidae 

P a r a c l i n u s  i n t e g r i p i n n i s
(Reef finspot) 

C h a e n o p s i s  a l e p i d o t a
(Orangethroat pikeblenny) 

Neocl inu s  s tephensae
(Yellowfin fringehead) 
Neocl i nus m inotatu s  
(Onespot fringehead) 
N e o c l i n u s  b l a n c h a r d i  
(Sarcastic fringehead) 

nllocl i n u s  hol deri 
(Island kelpfish) 
C r yptot rema c o r a l  1i nurn 
(Deepwater. blenny) 

Heteros tic h u s  r o s t r a t u s  
(Giant kelpfish) 


G i b b o n s i a  metzi  
( S  triped kelpfish) 
G i b b o n s i a  e legans
(Spotced kelpfish) 
Gibbonsia mon tesey ensis 
(Crevice kelpfish) 

G ib b o n s i a  e r y t h r a
(Scarlet kelpfish) 


Cebidichthyidae 
Cebidichthys violaceus 
(Monkeyface-eel) 

Stichaeidae 
X i  p h i  st er a t r o p u r p u r e u s
(Black prickleback) 

X i p h i s t e r  rnucosus 
(Rock prickleback) 


S t i  c h a e o p s is Sp
(Masked prickleback) 

Pholididae 
U1vi cola s a n c t a e r o s a e  
(Kelp gunnel) 

X e r e r p e s  f ucorum 
(Rockweed gunnel) 


Gobiidae 

C o r y p h o p t e r u s  nicholsii 
(Blackeye goby) 

L y t h r y p n u s  d a l l i  
(Bluebanded goby) 


L y t h r y p n u s  zebra  
(Zebra goby) 


Typhlogobi  us c a l i f  orniensis 
(Blind goby) 

L e t h o p s  connectens 
(Kelp goby) 

G o b i o n e l l u s  l o n g i  caudus 
(Longtail goby) 
Gillic ht hy s  m i r a b i l  i s  
(Longjaw mudsucker) 

Lepi  dogobi  u s  1epidus  
(Bay goby) 

I l y p n u s  g i l b e r t i
(Cheekspot goby) 


C l e v e l a n d i a  ios 
(Arrow goby) 

Q u i e t u l a  y-cauda
(Shadow goby) 


Scombridae 
Scomber japonicu:- .
(Pacific macklzel) 
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A u x i s  t h a z a r d  
(Frigate mackerel) 


A u x i s  rochei 
(Bullet mackerel) 


Scomberomorus s i e r r a  
(Sierra) 


Scomberomorus concolor 
(Monterey Spanish mackerel) 

Euthynnus  p e l  ami s 
(Skipjack) 
Sarda chil iensis 
(Pacific bonito) 

Tliunnus a l a 1  unga
(Albacore) 

Thunnu s  thynn u s  
(Bluefin tuna) 

T hu s s  u s  a1ba c a r e s  
(Yellowfin tuna) 

Xiphiidae 
X i p h i  a s  yla d i  u s  
(Swordfish) 

Istiophoridae 

T e t r a p t u r u s  audax  
(Striped marlin) 


Centrolophidae 

Icichthys l o c k i n g t o n i
(Medusafish) 


Stromateidae 

P c p r i l u s  s i m i i l i m u s  
(Pacific butterfish) 


Cynoglossidae 
Symphurus a t  ricauda 
(California tonguefish) 

Bothidae 

Para1icht hy s  c a l i f  ornic u s  
(California halibut) 

Xy st r e u ry s 1iole p is 
(Fantail sole) 

Hippogl  o s s i n a  s t o m a t a  
(Bigmouth sole) 


C i  t h a r i  c h t h y s  x a n t h o s  t igma
(Longfin sanddab) 


C i  t h a r i c h t h y s  s o r d i d u s  
(Pacific sanddab) 


C i  t h a r i c h t h y s  s t i  gmaeus
(Speckled sanddab) 


Pleuronectidae 

P l e u r o n i c h t h y s  d e c u r r e n s  
(Curlfin turbot) 


p 1e u r o n i  chthy s  v e r t i c a l  is 
(Hornyhead turbot) 

P l e u r o n i c h t h y s  ritteri 
(Spotted turbot) 


P1 e u r o n i  chthy s  coenosu s  
(C-0 turbot) 


H y p s o p s e t t a  g u t t u l a t a
(Diamond turbot) 


Parophrys  v e t u l  u s  
(English sole) 


M i  crostomus  p a c i  fic u s  
(Dover sole) 

Molidae 

Mola mola 
(Common mola) 
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beds (Zostera marina) on the eastern and southwestern edges. 

The middle lagoon is 10.9 hectares in size, and eelgrass beds 

occupy approximately 75 percent of its areal extent.. The upper 

(inner) lagoon is the largest of the three sections, encompassing 

120.2 hectares. Quite extensive eelgrass beds exist in the 

northwest end, while the extreme eastern end is dominated by a 

mixture of degraded salt marsh, mud flats, salt flats, and 

alluvial fan. The freshwater entering the upper end of the 

lagoon comes from the 7500 hectare watershed of Buena Creek and 

Agua Hedionda.Creek. Since this flow is minimal, the lagoon is 

essentially a marine rather than estuarine environment. 

The first accurate map of the area, made by the Coast and 

Geodetic Survey 1887-1888,shows the mouth of the lagoon closed. 

Subsequent surveys in 1898 and 1915 also show the mouth closed. 

In 1910 the coast highway was constructed with a 7.6 meter wide 

wooden bridge to span the mouth of the lagoon. In 1916 the high

way was paved and the bridge replaced with a 22.9 meter wide con

crete span. The mouth of the lagoon was scoured open in 1927 as 

a result of heavy rains, and remained open until 1932 when, to 

make way for a new bridge, the old one was dynamited into the 

mouth of the lagoon, closing it once again. The entrance was 

reopened in 1948 by local residents. The entire lagoon (all 

three sections) w a s  dredged in 1952-1954 to create an adequate 

tidal prism to provide condenser cooling water for the San Diego 

Gas & Electric Encina Power Plant. Establishment of cwo rip-rap 

channels was  also completed in conjunction with the dredging 
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operation in late 1 9 5 3  and early 1 9 5 4 .  One channel was built at 

the northwest end of the outer lagoon s o  as to allow free move

ment of ocean water into the lagoon; and the other was positioned 

in the southwest corner to facilitate the discharging of heated 

power plant cooling water back into the ocean. Due to deposi

tion of sand, maintenance dredging is performed, in the outer 

lagoon only, at about two year intervals. 

Table 6 . 2 - 2  lists species of fish ( 4 9 )  which have been 

reported from Agua Hedionda Lagoon by other workers. Previously 

noted invertebrate species are shown in Table 6 . 2 - 3 .  

6 . 2 . 1 . 3  Seasonal Patterns. There are many factors which affect 

the migration patterns and distributions of nearshore fishes. 


Among these are temperature, upwelling, cormnercial fishing pres


sure, food availability and spawning behavior (6-7). Most of 


these factors are closely related and often difficult to examine 


separately. Upwelling, for example, reduces water temperatures. 


At the same time, nutrient levels in the surface waters are 


increased, resulting in periods of increased primary production. 


This increases the food availability. Temperature, itself, 


often serves as a triggering mechanism for spawning activities 


of marine fish. Commercial fishing pressure can affect the abun


dance and distribution of fish and food availability. All of the 


above factors, whether acting alone or synergistically, can 


affect the actual distribution of fish. 


Temperature is an important regulating factor of fish dis


tribution and movement. Different fish species have specific 


a 


a 

6-14 




TABLE 6.2-2 

LIST OF FISH REPORTED FROM AGUA HEDIONDA LAGOON? 

ENCINA POWER PLANT - AUGUST 1, 1980 

CHONDRICHTHYES - cartilaginous fishes 

Heterodontiformes 
Heterodontidae - bullhead sharks 

H e t e r o d o n t u s  f r a n c i s c i  - horn shark 

Squaliformes
Carcharhinidae - requiem sharks 

Triakis s e m i f a s c i J t a  - leopard shark 
Mustelus c a l i f o i m i c u s  - gray smoothhound 
s us tc l  u s  hen1 ei - brown smoothhound 

Raj iformes 
Rhinobatidae - guitarfishes 

P l a  t yrh inoi  d i s  t r i ser ia  t a  - thornback 
Rhinobatos productus - shovelnose guitarfish 

Dasyatidae - stingrays 
D a s y a t i s  d i p t e r u r a  - diamond stingray 
Gymnura marmora ta  - California butterfly ray 
urolophus hillleri - round stingray 

Myliobatidae - eagle rays 
M y l i o b a t i s  c a l i . f o r n i c a  - bat ray 

OSTEICHTHYES - bony fishes 

Clupeiformes
Clupeidae - herrings 

S a r d i n o p s  s'dyax c t d e r u l c u s  - Pacific sardine 

Engraulidae - anchovies 
Anchoa d e l i c a t i s s i m a  - slough anchovy 
Engraulis m o r d a x  - northern anchovy 

Batrachoidiformes 

Batrachoididae - toadfishes 

P o r i c h t h y s  r n y r i a s t e r  - specklefin midshipman 
P o r i c h t h y s  n o t a t u s  - plainfin midshipman 

tRrsdshaw et al. (1976) (6 -4 )  
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TABLE 6.2-2  (Continued-) 

OSTEICHTHYES (continued) 
Atheriniformes 

Belonidae - needlefishes 
S t r o n g y l u r a  e x i l i s  - California needlefish 

Cyprinodontidae - killifishes 
Fundulus  p a r v i p i n n u s  - California killifish 

Poeciliidae - livebearers 
Gambusia a f f i n i s  - mosquitofish 

Atherinidae - silversides 
A t h e r i n o p s i s  a f f i n i s  - topsmelt 

Gasterosteiformes 
Syngnathidae - pipefishes and seahorses 

Syngna thus  a u l i s c u s  - barred pipefish 
Syngnathus g r i s e o l i n e a t u s  - bay pipefish 

Perciformes 

Serranidae - sea basses 

P a r a l a b r a x  c l a t h r a t u s  - kelp bass 
P a r a l a b r a x  m a c u l a t o f a s c i a t u s  - spotted sand bass 
Para labrax  n e b u l i f e r  - barred sand bass 

Carangidae - jacks and pompanos 
S e r i o l a  d o r s a l i s  - yellowtail 
Trachurus  symmet r i cus  - jack mackerel 
T r a c h i n o t i s  sp - pompano 

Pomadasyidae - grunts 
A n i s o t r e m u s  d a v i d s o n i  - SargO 

Sciaenidae -. drums 
~ y r i o s c i o nn o b i l i s  - white seabass 
M c n t i c i r r h u s  undulatus - California corbina 

Roncador s t e a r n s i  - spotfin croaker 

S e r i p l i u s  poli t u s  - queenfish 

Umbrina roncador  - yellowfin croaker 


Kyphosidae - sea chubs 
C;irelJa nigricans - opaleye 
H e r m o s i l l a  azurea  - zebraperch 

Embiotocidae - surfperches 
Hyperprosopon a r g e n teum - walleye surfperch 
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OSTEICHTHYES (continued) 


Pomacentridae - damselfishes 
Chromis p u n c t i p i n n u s  - blacksmith 

Mugilidae - mullets 
Muuil c e p h a l u s  - striped mullet 

Sphyraenidae - barracudas 
Spnyraena a r g e n t e a  - Pacific barracuda 

Blenniidae - combtooth blennies 
Hypsob lcnn ius  g e n t i l i s  - bay blenny 

Gobiidae - gobies 
C l c v e l a n d i a  i o s  - arrow goby 
G i I l i c h t h y s  m i r i l h i l i s  - longjaw mudsucker 

Scombridae - mackerels and tunas 
S a r d a  cliiliensis - Pacific bonito 

Scorpaenidae - scorpionfishes 
Scorpaena g u t t a t a  - California scorpionfish 
Sebastcs a t r o v i r e n s  - kelp rockfish 

Cottidae - sculpins 
L e p t o c o t t u s  a r m a t u s  - Pacific staghorn sculpin 

Pleuronectiformes 
Bothidae - lefteye flounders 

P a r a l i c h t h y s  c a l i f o r n i c u s  - California halibut 

Pleuronectidae - righteye flounders 
H y p s o p s e t t n  t f u t t u . l a t a  - Diamond turbot 

Cynoglossidae - tonguefishes 
Symphurus ‘ 7 t r i C a l l d a  - California tonguefish 
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TABLE 6 .2 -3  
LIST OF INVERTEBRATES TAKEN FROM AGUA HEDIONDA T A G O O N ~ , ~ ~  

ENCINA POWER PLANT - AUGUST 1, 1980 

ARTHROPODA 


Crustacea 
Thoracica 

Chthamalidae - small acorn barnacles 
Chthamalus f i s sus  - small acorn barnacle 

Balanidae - acorn barnacles 
~ a J m u sg l a n d u l a  - Pacific acorn barnacle 
B a l a a u s  c a r i o s u s  - acorn barnacle 

Tetraclitinae 
l 'etracl  i t a  squamosa 

Nebaliacea 

N e b a l i a  p u y e t t e n s i s  

Cumacea 
Lampropidae 

O x y u r o styli s  p a c i  f ie a  

Tanaidacea 

Tanaidae 


T a n a i s  nor1nani.i 

Isopoda

Sphaeromatidae 


P a r a c e r c e i s  s c u l p t a  
(;noriinosphaeroma Sp 

Aegidae 
Rocinel a a r i  es 

Jaeropsidae 

J a e r o p s i s  concava  

Bopyridae 
P h y l  1odu rus abdominal is 

Ligiidae 
L i  g i a  o c c i d e n t a l  i s  

Bradshaw et al. (1976) ( 6 - 5 )  
ti-Miller (1966) (6-6) 
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TABLE 6.2-3 


Crustacea (continued)

Amphipoda 


Ampithoidae 
Ampi thoe p l  urnosa 
Ampi thoe p o l  1ex  
Ampi thoe longirnana 

Aoridae 

R u d i l  emboides s t enopropodus  
Amphideutopus  Sp 

Corophiidae 
Corophiurn a c h e r u s l c u m  
E r l c h t h o n i u s  b r a s i l i e n s i s  

Eusiridae 

Pontogene ia  minu ta  

Gammaridae 
Maera sp 

Hyalidae 
N y a l e  sp 
Hyale  z-ubra f r e q u e n s  

Leucothoidae 

I.,ciic--othoca l a t a  

Oedicerotidae 
Monocul odes har tmanae  

Podoceridae 
Podocerus  f 111a n u s  

Stenothoidae 

Stenothoe t7alida 

Talitridae 
Orchestoidea ca1ifo m i  ana 

Caprellidae 

C a p r e l l a  equi l ibra  
Capre.21a c a1iforni ca 

(Continued) 
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TABLE 6 . 2 - 3  (Continued) 

Crustacea (continued)
Decapoda

Alpheidae 
~ t l t a e u s. I o n c ~ i d a c t y . ~ u s  long fingered shrimp-

Callianassidae - ghost shrimps 
Callianassa californiensis - red ghost shrimp 

Porcellanidae - porcelain crabs 
Petrolisthes cinctipes - porcelain crab 

Cancridae - cancer crabs 
Cancer productus- red crab 

Goneplacidae - burrowing crabs 
Speocarcinus ca1.iforniensis 

Pinnotheridae - pea crabs 
Scleroplax qranulata 

Grapsidae - shore crabs 
P a c h y g r a p s u s  c r a s s i p e s  - striped shore crab 
Hemigrapsus nudus  - purple shore crab 
Hemigrapsus oregonensis - yellow shore crab 

Ocypodidae - fiddler crabs 
uca crenulata - fiddler crab 

ANNELIDA 


Polychaeta
Polynoidae 

I i a l o s y d n a  tuberculifcr 
L a g i s c a  lamellifera 

Amphinomidae 
Eurythoe complanata 


Phyllodocidae 
Eulalia aviculiseta 

Eulalia quadrioculata 


Hesionidae 
Ophiodromus pugettensis 
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TABLE 6.2-3 


P o l y  chaeta (continued)
Syllidae 

I ' i onosy .1 l . i~Sp 
1J.idnos4.11is gipan tc;i 

T y p o s y l l . i s  sp 

Neridae 
Nereis l a t e s c e n s  
P l a t y x i e r e i s  b i c a n a l  i c u i a t a  

Nepthyidae 
Nephtys c a l i f  orniensis 

Glyceridae 
G l y c e r a  Sp 
G1y c e r a  convol u t a  
Hemi p o d u s  boreal .fs 

Lumbrineridae 
Lumbr iner i s  erects 
L umbr ineri s m i  nima 

Dorvilleidae 

Dorvi 11ea a r t i  c u l a  t a  

Orbi n i i  dae 
H a p l o s c o l o p l o s  e l o n g a t u s  

Paraonidae 

Paraon i s  g r a c i l i s  

Magelonidae 

Magelona c a l i f o r r i i c a  

(Continued) 
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TABLE 6.2-3 


Polychaeta (continued)

Cirratulidae 


C h a e t o z o n e  corona 

Flabelligeridae 

Pherusa c a p u l a t a  

Opheliidae 
Armandia b i o c u l  a t a  

Capitellidae 

Anotomas tus  y o r d i o d e s  

C a p i t i t a  a m b i s c t a  

He t e r o m as tu s  fi1if ormi s 

Notomas tus  t e n u i s  


Oweniidae 
oweni a coll  sri s 

Sabellariidae 

Phragmatopoma c a l i f o r n i c a  

Tcrrebellidae 

Ar tacame l  l a  hancock i  

Sabe'llidae 

Euchone l i m n i c o l a  

Serpulidae 

Spirorbis b o r e a l  i s  

MOLLUSCA 


Gastropoda
Fissurellidae - keyhole limpets 

(Continued) 


L u c a p i n e l l a  c a l l o m a r y i n a t a  - hard-edged keyhole limpet 

Acmaeidae - limpets 
C o l l i s e l l a  p e l t a  - shield limpet 
C o l l i s e l l a  d i g i t a l i s  - finger limpet 
C o l l i s e l l a  s c a b r a  -. rough limpet 
C o l l i s e l l a  c o n u s  - test ' s limpet 
C o l l i s e l l a  l i m a t u l a  - file limpet 
Co1.l  isel  1a s t r i g a  t e l l  a 

Collisella asmi - black limpet 

Notoacmea i n c e s s a  - seaweed limpet 
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TABLE 6.2-3 (Continued) 


Gastropoda (continued)

Acmaeidae (continued) 


Notoacmea f e n e s t r a t a  - fenestrate limpet 
Notoacmea persona  - mask limpet 

Trochidae - pearlly top shells 
~ c y u l ~ ~f u n e b r a l i s  - black top 
T ~ ~ J I J . Z ; ~qal J ins  - speckled top 

Phasianellidae - pheasant shells 
T r i c o i  i'u lxil lf>.idr::;- sma1.1pheasant 

Littorinidae - periwinkles 
L i  t t o r i n a  p l a n a x i s  - flat periwinkle 
L i t t o r i n a  s c u t a l a t a  - checkered periwinkle 

Lacunidae - chink shells 
Lacuna u n i f a s c i a t a  - one-banded lacuna 

Caecidae 
Caecum c a l i f o r n i c u m  - caecum snail 

Vitrinellidae 
Teinostoni~.siipr-;-itrs71 l a t u m  

Vermetidae - worm shells 
!~ t~rp i i lo r l~is squanii g t - ~ u . v  

Potamididae - horned shells 
(-'?r.it)iidt?a L . i i . 1  ifornica - California horn shell 

Epitoniidae - wentletraps 
Epi t o n i u m  cooperi - Cooper 's wentletrap 

Calyptraeidae - slipper shell 
C r e p i d u l a  nummaria - white slipper shell 
C r e p i d u l a  e x c a v a t a  - excavated slipper shell 

C r e p i d u l a  onyx - onyx slipper shell 

C r e p id u l  a coei 

C r e p i p a t e l l a  l i n g u l a t a  - half slipper shell 


Naticidae - moon shells 
N e v e r i t a  r e c l u s i a n a  - Recluz's moon shell 
Polinices l e w i s i i - - Lewis' moon shell 
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TABLE 6.2-3 (Continued) 


Gastropoda (continued)
Muricidae - rock shells 

Ocenebra gracillima 

P t e r o p u r p u r a  f e s t i v a  - festive murex 

R o p e r i a  p o u l s o n i  - Poulson's rock shell 


Thaididae - dye shells 
A c a n t h i n a  s p i r a t a  - angular unicorn 

Neptuneidae 
K e l l e t i a  k e l l e t i i  - Kellet's whelk 

Columbellidae - dove shells 
M i t r e l l a  c a r i n a t a  - keeled dove shell 
Mi t r e l l a  g a u s a p a t a  

Nassariidae - dog whelks 
N a s s a r i u s  t e g u l u s  - mud dog whelk 
N a s s a r i u s  f o s s a t u s  - channeled dog whelk 
N a s s a r i u s  m e n d i c u s  - lean dog whelk 

Olividae - olive shells 
O l i v e l l a  b i p l i c a t a  - purple olive 
O l i v e l l a  b a e t i c a  - beatic olive 

Conidae - cone shells 
Conus c a l i f o r n i c u s  - California cone 

Acteonidae - small bubble shells 
R i c t a x i s  p u n c t o c a e l a t u s  

Bullidae - true bubble shells 
B u l l a  g o u l d i a n a  - Gould ' s bubble 

Atyidae - paper bubble shells 
Haminoea virescens - green paper bubble 
Harninoea v e s i c u l a  - blister paper bubble 

Acteocinidae - glassy bubble shells 
A c t e o c i n a  Sp 

Aplysiidae - sea slugs 
P h y l l a p l y s i a  t a y l o r i  - eel grass slug 

Melampidae - marsh snails 
Melampus olivaceus - salt-marsh snail 
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TABLE 6.2-3 (Continued) 

Pelecypoda
Mytilidae - mussels 

Modiolus  n e g l e c t u s  

M y t i l u s  e d u l i s  - bay mussel 

M y t i l u s  c a l i f o r n i a n u s  - California mussel 


Ostreidae - oysters 
O s t r e a  l u r i d a  - California oyster 

Pectinidae - scallops
i i rgopec t  cn a c q u i  s u l  ca  tu s  
~ e p t o p e c t e nI a t i a u r a  t u s  - kelp-weed scallop 

Limidae - file shells 
1,irn;i hcrnphj l l i  - Hemphill ' s file 

Kelliidae - kellys
K c l l i a  s u b o r b j c u l a r i s  - kelly shell 

Chamidae - chamas 
C h a m  p e l l u c i d a  - agate jewel box 
pseudocharna exogyra  - reversed jewel box 

Cardiidae - cockles 
Trachycard i  urn quadragenarium - giant Pacific cockle 
Laevicardiurn s u b s t r i a t u r n  - little egg cockle 

Veneridae - Venus clams 
Saxidomus n u t t a u i  - Washington clam 
T a p s  j,iporiica - Japanese littleneck 
C:h.ioiit. t i r ida te l l s  - frilled California uenus 
( ' ' h i C J l 1 c i  c4j1. i f-om.icns.is - California Venus . 

hio or^ f ~ u c t i f r ' j ~ ~ i 1- smooth California Venus 
PrOl:Othij<:ij  .2ac.!'niata - folded littleneck 
I ' ro to tham starninea - Pacific littleneck 

Petricolidae - rock dwellers 
P e t r i c o l a  c a l i f o r n i e n s i s  - California rock dweller 

Cooperellidae 

C o o p e r e l l a  subdiaphana 

Mactridae - surf clams 
Mactra c a l i f o r n i c a  - California surf clam 
T r e s u s  n u t t a l l i  - gaper 
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TABLE 6.2-3 (Continued) 


Pelecypoda (continued)
Tellinidae - tellins 

L e p o r i  metis obesa  

Macoma n a s u t a  - bent-nosed macoma 

Macoma s e c t a  - white sand macoma 

Macoma i n q u i n a t a  

Tellina carpenteri - Carpenter's tellin 

T e l l  .i na merops i  s 


Donacidae - bean clams 
Donax gou.Zd.ii - little bean clam 

Psammobiidae - garis 
Heterodoni2x b i m a c u l a t u s  - false donax 
N u t t a l l i a  nuttalli - purple clam 
T a g e l u s  c a l i f o r n i a n u s  - jackknife clam 
T a g e l u s  s u b t e r e s  

Semelidae - semeles 
S e m e l e  d e c i s a  - bark semele 
S e m e l e  r u b r o p i c t a  - rose-petal semele 

Solenidae - razor clams 
Solen r o s a c e u s  - rosy razor clam 

Myidae - soft-shelled clams 
Cryptomya c a l i f o r n i c a  - California soft-shelled clam 

. Hiatellidae - giant clams 
H i a t e l l a  a r c t i c a  - Arctic rock borer 

Pholadidae - piddocks 
Barnea s u b t r u n c a t a  - Pacific piddock 
Z. i r faea  p i 2 s b r y . i  - Pillsbry's piddock 

Lyonsiidae - paper shells 
Luons ia  c a l i f o r n i c a  - California lyonsia 

Thraciidae - thracias 
T r a c i a  d i  e g e n s i  s 
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TABLE 6.2-3 (Concluded) 


Polyplacophora

Ischnochitonidae 


lschnochi ton conspicuiis - conspicuous chiton 
Lcpi dochi tona keepiana 

Mopaliidae 
Mopalia acu ta  
Mopalia muscosn - mossy chiton 

PHORONIDA 


Phoronis vancouverensis 

NEMERTEA 


Unidentified Nemertean 
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ranges of thermal t o l e r a n c e ,  o u t s i d e  of which they cannot su r 

v i v e .  Within these  r anges ,  each spec ie s  e x h i b i t s  c e r t a i n  t e m 

p e r a t u r e  p re fe rences ,  which they a c t i v e l y  seek t o  remain w i t h i n .  

Changes i n  temperature ,  t h u s ,  can cause l o c a l i z e d  and long-term 

movements of f i s h  popula t ions .  

D i s t r i b u t i o n s  of p e l a g i c  and demersal f i s h e s  of t h e  C a l i 

f o r n i a  Bight reg ion  can be g r e a t l y  inf luenced  by upwel l ing ,  

which o f t e n  occurs dur ing  t h e  summer months. F i sh  will gener

a l l y  avoid the  upwelling water  which i s  usua l ly  co ld  and l o w  i n  

oxygen. Demersal s p e c i e s  move inshore  toward lagoons and bays, 

while  p e l a g i c  f i s h  escape t o  o f f shore  waters  (6 -8 ) .  

The  e f f e c t s  of commercial f i s h i n g  p res su re  on f i s h  d i s t r i 

bu t ion  may o r  may no t  be e v i d e n t ,  depending upon t h e  e x t e n t  of 

f i s h i n g  a c t i v i t y .  However, i f  excess ive ,  t h i s  f a c t o r  can g r e a t l y  

reduce t h e  popula t ions  of f i s h  w i t h i n  an a r e a .  

Food a v a i l a b i l i t y  i s  an important i n f l u e n c e  on f i s h  d i s t r i 

bu t ion  and mig ra t ion .  The nor thern  anchovy (Engraul i s  mordax) 

f o r  example, migra tes  i n shore  f o r  t h e  summer and o f f s h o r e  dur ing  

t h e  win ter  ( 6 - 9 ) .  This migra t ion  has been observed t o  c l o s e l y  

f o l l o w  an inc reased  product ion of Aca r t i a  t o n s a ,  a copepod which 

c o n s t i t u t e s  a major p o r t i o n  of t he  anchovy's d i e t  (6-10) .  Such 

migra t ion  p a t t e r n s ,  l a r g e l y  dependent upon food supp ly ,  appear 

conunon among p lankt ivorous  f i s h  s p e c i e s .  Bottom feed ing  (demer

s a l )  f i s h  such as t h e  sheephead (Pimelometopon pulchrum), b a r r e d  

sandbass (Para labrax  n e b u l i f  e r )  and speckled sanddab 
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e 
 (Citharichthys stigmaeus) do not exhibit such food-dependent
--___ 

movements (6-11, 6-12 and 6-13) .  

A number of species of  fish undergo regular seasonal migra

'tions which are directly related to spawning activity. Many 

sciaenids, such as the queenfish (Seriphus politus), yellowfin 

croaker (Umbrina roncador), white seabass (Cynoscion nobilis) 

and spotfin croaker (Roncador -stearnsi), appear to migrate in

s h o r e  during the summer for mating purposes (6-14 and 6-15). 

The California halibut (Paralichthys californicus) displays an 

inshore movement for spawning during the spring and summer months 

(6-16). Two viviparous fish species, the shiner surfperch 

(Cymatogaster aggregata) and round stingray (Urolophus halleri), 

a l s o  migrate into shallow coastal waters for breeding and 

nursing. The shiner begins spawning in spring and leaves by late 

summer, after giving birth ( 6 - 1 7 ) .  The round stingray moves 

shoreward in .June to breed, moves offshore afterwards and then 

ret-urns again in September to give birth (6-18). 

0 


6 . 2 . 1 . 4  Lagoon Utilization. Large inshore nurseries such as 

those found on the Atlantic and Gulf of Mexico coastlines are 

absent from the California coast (6-19). The smaller California 

bays and estuaries are utilized by fish, however, in a similar 

manner. These inshore waters serve a s  feeding and spawning 

grounds �or a number of species. Such estuarine regions also 

represent  important: nursery areas f o r  the young of many nsarine 

species. At very early stages, young fish and invertebrztes 

@ migrate into shallow areas, where they undergo periods of' rapid 



development. There,  shal low water environments such a s  ee lg ra s s  

b e d s ,  marshes,  e t c .  provide ample food suppl ies  and s h e l t e r  f o r  

t he  developing la rvae  and j u v e n i l e s .  Upon reaching s p e c i f i c  

s t ages  of ma tu r i ty ,  i nd iv idua l s  of c e r t a i n  spec ies  mig ra t e  t o  

deeper water  r eg ions ,  while  o the r s  may remain a s  r e s i d e n t s .  In

shore waters ,  then ,  se rve  a s  a region i f  importance f o r  both 

r e s i d e n t  and t r a n s i e n t  popula t ions .  

An examination of the  f i s h  composition of 13  s e l e c t e d  Cal i 

f o r n i a  bays and lagoons between Humboldt Bay and t h e  Ti juana 

Estuary revealed t h a t  51 percent  (224 spec ies )  of t h e  439 Cal i 

f o r n i a  c o a s t a l  f i s h  spec ie s  occurred i n  these  e s t u a r i e s  (6-20).  

The i n v e s t i g a t o r s  compared seven va r i ab le s  (mean annual  tempera

t u r e ,  l a t i t u d e ,  bay mouth w i d t h ,  water su r f ace  a r e a ,  d i s t a n c e  t o  

the  n e a r e s t  neighboring bay, mean annual r a i n f a l l  and d i u r n a l  

t i d a l  range) using m u l t i v a r i a t e  ana lys i s  and found bay mouth 

width respons ib le  f o r  t he  g r e a t e s t  d i f f e rences  i n  f i s h  spec ie s  

d i v e r s i t y .  I n  t h i s  context  i t  i s  u s e f u l  t o  v i s u a l i z e  the 

l agoons  a s  being peninsulas  of the  ocean, with i n l e t  s i z e  con

t r o l l i n g  access  t o  and from the  source wa te r s .  Lagoons having 

g r e a t e r  mouth width and/or  those  loca ted  c l o s e r  t o  oceanic  waters  

usua l ly  have l a r g e r  f i s h  populat ions (6-21).  When mouth width 

was excluded from the  a n a l y s i s ,  embayment s u r f a c e  area w a s  found 

t o  con t r ibu te  s i g n i f i c a n t l y  t o  d i v e r s i t y .  O f  t h e  13 bays s tud

i e d ,  t h e  four  l a r g e s t  contained t h e  l a r g e s t  number of f i s h  

spec ies  (6-22) .  
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Agua Hedionda Lagoon's f i s h  d i v e r s i t y  compares favorably 

with those  of o the r  embayments examined by Horn and Allen (1976) 

(6-23) .  Agua Hedionda Lagoon was repor ted  t o  have 55 f i s h  

spec ie s  withi.n a 120 hec ta re  s u b t i d a l  a r ea  (6-24). I n  t h i s  

s t u d y ,  a d d i t i o n a l  c o l l e c t i o n s  aL the  ad jacent  cool ing  water  

i n t ake  s y s t e m  wi th in  the  Power Plant  along with lagoon co f l ec 

t.ions y i e lded  79 f i s h  s p e c i e s .  Other bays examined by Horn and 

Allen (1976) (6-25)  w e r e :  Anaheim Bay wi th  59 spec ie s  i n  53.0 

h e c t a r e s ,  Alamitos Bay with 43 spec ies  i n  67.2 h e c t a r e s ,  Elkhorn 

Slough wi th  69 spec ies  i n  8 7 . 4  h e c t a r e s ,  Bolinas Lagoon wi th  41  

spec ie s  i n  109.3 h e c t a r e s ,  and Newport Bay with 78 spec ie s  i n  

175.2 h e c t a r e s .  A p o s i t i v e  l i n e a r  logar i thmic  r e l a t i o n s h i p  of 

su r face  a rea  t o  f i s h  spec ies  d i v e r s i t y  was ind ica t ed  f o r  a l l  13 

embayment s . 

Agua Hedionda Lagoon i s  pr imar i ly  a marine lagoon wi th  sea

sonal  f reshwater  in f luence  during heavy r a i n s  from December 

through Apr i l  (6 -26) .  The southern end of the  upper lagoon i s  

probably most inf luenced by runoff  from Agua Hedionda Creek. 

Euryhaline spec ie s  such a s  the  C a l i f o r n i a  k i l l i f i s h  (Fundulus 

p a r v i p i n n i s ) ,  western mosqui tof ish (Gambusia a f f i n i s ) ,  and 

s t r i p e d  m u l l e t  (Mugil cephalus) have been r epor t ed  t o  occur i n  

t h e  upper p o r t i o n  of t he  lagoon (6-27). These waters  may provide 

a necessary g rada t ion  from f r e s h  t o  b rack i sh  water  f o r  some 

w i n t e r  spawning t e l e o s t s  which r e q u i r e  v a r i a b l e  s a l i n i t i e s  f o r  

normal egg and l a r v a l  development I 
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The lagoon environment o f f e r s  calmer waters and h ighe r  pro

d u c t i v i t y  than adjacent  c o a s t a l  a r e a s .  It  contains  s e v e r a l  

s p e c i a l i z e d  h a b i t a t s  which a r e  i d e a l  f o r  e a r l y  s t ages  of f i s h  

and i n v e r t e b r a t e  development. Zostera marina beds,  sand ,  mud, 

and rocky areas  each provide u s e f u l  h a b i t a t s  f o r  s e l e c t  spec ie s  

throughout t he  yea r .  Figure 2.1-3 shows the  ex ten t  of t h e  

var ious  h a b i t a t s  i n  Agua Hedionda Lagoon. 

U t i l i z a t i o n  of the  lagoon i s  v a r i a b l e  f o r  d i f f e r e n t  s p e c i e s .  

There a r e  permanent r e s i d e n t s  t h a t  u t i l i z e  p a r t i c u l a r  h a b i t a t s  i n  

t h e  lagoon f o r  r e s t i n g ,  feeding and spawning throughout t h e i r  

l i f e t i m e .  There a r e  t r a n s i e n t  spec ies  whose a d u l t s  use  t h e  

lagoon f o r  spawning seasonal ly  and whose young subsequent ly  u t i 

l i z e  the  a rea  as a nursery ground. 

The r o l e s  of  p a r t i c u l a r  f i s h  spec ies  expected t o  u t i l i z e  

Agua Hedionda Lagoon have been summarized i n  Table 6 .2 -4 .  Empha

s i s  has been given t o  both those  f i s h  designated as c r i t i c a l  

spec ie s  (Section 6.3) and those spec ies  which have been i n d i c a t e d  

t o  be most abundant wi th in  t h e  lagoon. Expected seasonal  occur

rence,  developmental s t a g e  and major h a b i t a t  u t i l i z e d  have been 

inc luded .  

Plankton populat ions w i t h i n  Agua Hedionda Lagoon have a l s o  

been previously examined. Bradshaw e t  a l .  (1976)  found zoo

plankton composition t o  be f a i r l y  uniform throughout t h e  t h r e e  

s e c t i o n s  of  t h e  lagoon ( 6 - 2 8 ) .  Density and d i s t r i b u t i o n  of zoo

plankton may be more c l o s e l y  inf luenced  by t i d a l  cycles  than any 

o t h e r  f a c t o r s  i n  t h i s  type of water  system ( 6 - 2 9 ) .  
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6 . 3  CRITICAL SPECIES 

6 . 3 . 1  Def in i t i on  of C r i t i c a l  and Non-CriEicsl-
Over 90 spec ies  of f i s h  (over 100,000 i n d i v i d u a l s )  were col

l ec t ed  during the  s tudy .  It was not  f e a s i b l e  to c o l l e c t  d e t a i l e d  

da t a  on a l l  species  captured.  Therefore ,  s e l e c t e d  spec ies  . 

( " c r i t i c a l  species") which would be r e p r e s e n t a t i v e  of t he  f i s h  

populat ions i n  the  v i c i n i t y  were chosen f o r  d e t a i l e d  s tudy.  

C r i t e r i a  used i n  s e l e c t i n g  " c r i t i c a l  species"  included:  

e Representat ive of a balanced community 

e Commercially o r  r e c r e a t i o n a l l y  va luable  

0 C r i t i c a l  t o  s t r u c t u r e  and func t ion  of ecosystem 

0 Food chain n e c e s s i t y  

e High p o t e n t i a l  f o r  impingement o r  entrainment  

0 Threatened o r  endangered s p e c i e s .  

A l l  o ther  spec ies  not  i d e n t i f i e d  as c r i t i c a l  w e r e  t r e a t e d  as 

n o n - c r i t i c a l .  

6 . 3 . 2  Species L i s t  

'Thc se l ec t ed  ' ' c r i t i c a l  species ' '  were submit ted t o  the  Reg

ional atid S t a t e  Water Quality Control Boards f o r  review and 

approval p r i o r  t o  i n i t i a t i o n  of the s tudy .  The approved l i s t  i s  

shown i n  Table 6 .3-1.  

6 . 3 . 3  Species L i s t  Addi t ions 

The " c r i t i c a l  spec ies"  l i s t  was reviewed dur ing  the  study 

and following completion of f i e l d  c o l l e c t i o n s  t o  evaluatc.: t h e  

0 need f o r  addi t ions  t o  o r  de l e t ions  from t h e  l i s t  based 01: 
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f ind ings  during the s tudy .  I t  was decided not  t o  d e l e t e  o r  add 

any spec ie s  t o  the  approved l i s t ,  although very few ind iv idua l s  

of some spec ies  were c o l l e c t e d .  However, c e r t a i n  spec ie s  which 

were not  on the l i s t  were captured i n  f a i r l y  l a r g e  numbers 

during t h e  s t u d y ,  and they were t r e a t e d  i n  the  same manner as 

c r i t i c a l  species  w i t h  regard t o  da ta  co l l ec t ed  and presented  i n  

t h i s  r e p o r t .  Table 6 . 3 - 2  l i s t s  the  add i t iona l  spec ies  t h a t  have 

been t r e a t e d  as " c r i t i c a l "  f o r  t h i s  repor t  and a j u s t i f i c a t i o n  

f o r  such designat ion.  I n  l i g h t  of the S t a t e  Water Qual i ty  Con

t r o l  Board approval of only one zooplankton spec ies  (Acar t ia  

-.-tonsa) on the c r i t i c a l  l i s t ,  we have added some genera l  ca te 

go r i e s  (Table 6 . 3 - 3 )  which were u t i l i z e d  t o  compile t h e  bas i c  

types of zooplankters captured i n  co l l ec t ions  i n  a d d i t i o n  t o  

-Acar t i a  tonsa.  Data on these  groups were compiled from a l l  

plankton c o l l e c t i o n s  taken from of f shore ,  i n  t he  lagoons,  i n  

entrainment and entrainment m o r t a l i t y  s t u d i e s .  

6 . 3 . 4  Li fe  Hi s to r i e s  of C r i t i c a l  Species 

6 . 3 . 4 . 1  Inve r t eb ra t e  Zooplankton 

6 . 3 . 4 . 1 . 1  Copepod (Acar t ia  t onsa ) .  Aca r t i a  tonsa i s  a 

major food source f o r  many l a r v a l  and small-s ized f i s h  t h a t  

i nhab i t  e s t u a r i e s  and bays a t  some poin t  i n  t h e i r  l i f e  

C Y C ~ C  ( 6 - 8 7 ) :  

?'he seasonal  d i s t r i b u t i o n  o f ' A .  tonsa i n  south2rn C a l i 

f o r n i a  i s  s i m i l a r  t o  t h a t  found along the  co lder  A t l a n t i c  

coast  of the  United S t a t e s  ( 6 - 8 8 ) .  However, i n  sou-hern 
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Table 6 . 3 - 3  
GROUPS OF ZOOPLANKTON SPECIES UTILIZED 


FOR DATA COMPILATION FOR THE STUDY 

ENCINA POWER PLANT- AUGUST 1, 1980 


Species 


A c a r t i  a tonsa 

Other Copepods 
Decapod Larvae 
Other Crustacea 
Other Zooplankton 
Chaetognaths 

Plankton 

Collections 


My sidacea X 
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C a l i f o r n i a ,  t:iiis spec ies  does  not completely disappear 

dur ing  win te r .  Populations a t t a i n  a peak abundance i n  

summer but dec l ine  t o  low winter  l e v e l s ,  poss ib ly  due t o  

t h e  e f f e c t s  of lower temperatures on e a r l y  l i f e  s t ages  

( 6 - 8 9 ) .  The average female sheds about 44 eggs per  day and 

produces two broods i n  i t s  l i f e t i m e  (6-90). The second 

brood i s  genera l ly  of l e s s  magnitude than t h e  f i r s t  (6 -91) .  

Over 1200 eggs a r e  produced p e r  female during i t s  l i f e  

c y c l e  ( 6 - 9 2 ) .  In  warm water  a r e a s ,  A .  tonsa i s  present  i n  

bays and lagoons throughout t he  year and may produce as 

many as 11 generat ions per  year .  The time i n t e r v a l  between 

genera t ions  v a r i e s  from four  t o  seven weeks depending upon 

t h e  temperature ( 6 - 9 3 ) .  Eggs may o r  may not  have sp ines  

and a r e  granular  wi th  a gold-yellow o r  green-yellow c o l o r .  

The average diameter of t he  eggs i s  approximately 80 

microns.  Although eggs of A .  tonsa i n  co lder  a reas  can-

become dormant during t h e  w i n t e r ,  those i n  southern Cal i 

f o r n i a  do no t  exh ib i t  a s i g n i f i c a n t  a b i l i t y  t o  do so  (6-94).  

There a r e  s i x  naup l i a r  and s i x  copepodid l i f e  s t ages  i n  t h e  

development of A .  -__- tonsa .  Eggs and n a u p l i i  develop f a s t e s t  

i n  e s t u a r i n e  waters of 25 .5  C .  Growth r a t e s  a r e  l a r g e l y  

dependent upon temperature.  However, high populat ion 

d e n s i t i e s  can a l s o  slow growth by reducing food  a v a i l a b i l 

i t y  ( 6 - 9 5 ) .  In  s i z e ,  females may a t t a i n  a maximum Length 

of 1 . 5  mm. Males a r e  somewhat s m a l l e r ,  seldom excerding 

1 . 0  mm i n  length  ( 6 - 9 6 ) .  
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Acar t ia  tonsa t h r i v e s  i n  lagoons and bays on both  the  

P a c i f i c  and A t l a n t i c  c o a s t s .  I t  has been found from Por t  

Jackson, New South Wales t o  t h e  west coas t  of South America 

between Valparaiso and Cal lao.  In  t h e  Americas, i t  has 

been repor ted  i n  Jamaica Bay, NY,  Plymouth Harbor,  Charles-

town Pond and Narraganset t  Bay (6-97). I t  was f i r s t  r e 

ported from San Diego Bay i n  1907 and l a t e r  from San Fran

c i s c o  Bay i n  1924 (6-98) .  I t s  d i s t r i b u t i o n  w i t h i n  bays and 

lagoons i s  l a r g e l y  dependent upon ttie t i d e s .  A t  l o w  t i d e ,  

A .  tonsa a d u l t s  concent ra te  i n  the  cen te r s  of channels but  

l a t e r  move upstream and spread o u t . d u r i n g  incoming t i d e s  

( 6 - 9 9 ) .  

6 .3 .4 .2  Fish 

6 . 3 . 4 . 2 . 1  Round St ingray  ( U r o 9 h u s  h a l l e r i ) .  The round 

s t i n g r a y  supports  no s i g n i f i c a n t  commercial f i s h e r y .  They 

w i l l  t ake  almost any of t h e  b a i t s  used i n  s u r f  and bay 

f i s h i n g  and a r e  f r equen t ly  caught by sportsmen when f i s h i n g  

f o r  o the r  spec ies  (6-100).  S t ingrays  a r e  g e n e r a l l y  consid

ered a nuisance by ba the r s  and w i l l  f r equen t ly  s t i n g  when 

stepped on (6-101).  

A marked r e l a t i o n s h i p  e x i s t s  between t h e . s i z e  of round 

s t i n g r a y s  and t h e i r  movements. Both t h e  depth of occur

rence and ex ten t  of migra t ions  inc rease  wi th  growth. 

Round s t i n g r a y  apparent ly  have two breeding seasons each 

yea r .  Most males and females mate during t h e  l a t e  sp r ing  

6-46 000210 



and ea r ly  summer. Soon af te rward ,  small  embryos a r e  formed 

wi.thin t h e  females.  Gestat ion takes  about t h r e e  months, 

wi th  young being re leased  by f a l l .  Some males,  however, 

may mate w i t h  females during the f a l l .  These females 

apparent ly  s t o r e  the  sperm f o r  approximately t h r e e  months 

u n t i l  ovulat ion and subsequent f e r t i l i z a t i o n  occur ,  l a t e r  

during win te r .  

Most females bear l i v e  young every year (6-102) .  Each 

female may give b i r t h  t o  as  many as  e i g h t  young, but  t he  

average number i s  th ree  (6-103) .  Newborn rays a r e  r e l a 

t i v e l y  l a r g e ,  w i t h  d i s c  w i d t h  averaging 75 mm ( 3  i n . ) ,  and 

capable of p ro tec t ing  themselves (6-104) .  

Round s t ing rays  possess a poisonous sp ine  loca ted  near  

t h e  base of t h e i r  t a i l .  However, l a r g e r  and o lde r  f i s h  

o f t e n  l o s e  t h e i r  integumentary shea th  and venom glands ,  

prevent ing them f r o m  i n f l i c t i n g  more than mechanical i n j u r y  

(6-105) .  

St ingrays feed upon crus taceans ,  worms and mollusks.  

These a r e  dredged from the  bottom by s u c t i o n ,  which i s  c re 

ated by the  movement of t h e i r  wings (6-106) .  

I n  s i z e ,  s t i ng rays  longer than 381 mm (15 i n . )  a r e  un

common. However, specimens measuring g r e a t e r  than 508 mm 

(20  i n . )  i n  length have been recorded (6-107) .  Both males 

and females reach matur i ty  a t  an age of 2 . 6  years  (6 -108) .  

I n  d i s t r i b u t i o n ,  round s t i n g r a y s  range from Parama Bay 

t o  Humboldt Bay, inc luding  the  Gulf o f  C a l i f o r n i a .  They a r e  a 




very common o f f  southern and Baja California on shallow 

sandy and mud bottoms (6-109).  Most of the population is 

found between 1 m ( 3  ft) and 15 m (50 ft) (6-110). The most 

common depth of occurrence is 4.5  m (15 ft) (6-111).  

6 . 3 . 4 . 2 . 2  Northern Anchovy (Engraulis mordax). The nor

thern anchovy is a relatively unimportant sportfish but has 

been reported to be taken by fishermen around jetties and 

piers (6-112). Commercially, anchovies are important as 

bait, canned pet and human food, and processed fish meal o r  

o i l .  From 1952 to 1957, the commercial catch of anchovies 

ranged from 18,400,000 to 38,900,000 Kg annually (6-113).  

In 1976, landings totaled 113,325,064 Kg (124,919 tons) 

(6-114). 

The northern anchovy is the mainstay of the live bait 

fishery from San Francisco to San Diego, comprising 98 per

cent of the total landings. From 1950 to 1966 the live 

bait catches have varied from 3,628,739 Kg (4000 tons) to 

6,350,293 Kg (7000 tons) annually and produced an estimated 

average 1.5 million dollars per year (6-115). Landings for 

live bait totaled 6,202,422 Kg in 1976 (6-116).  

'During the fall and winter, schools of northern anchovy 

migrate offshore. Younger anchovy return to inshore areas 

in spring. Older adults, however, generally remain off

shore, being less tolerant to higher inshore temperatures 

than juveniles (6-117).  The major spawning season in 

southern California is in February and March (6-118) but 
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t h e  season does vary depending upon temperature and food 

a v a i l a b i l i t y  (6-119). The average female w i l l  r e l e a s e  

20,000 t o  30,000 eggs per  season (6-120). The c l e a r  and 

ovoid eggs a r e  n e u t r a l l y  buoyant and range i n  s i z e  from 

1 . 2 3  t o  1 .55  mm i n  length  and 0.65 t o  0 .82 m i n  wid th .  

Larvae ha tch  in  two t o  four  days and a f t e r  36 hours begin 

t o  feed on plankton comprised p r i m a r i l y  of unarmored dino

f l a g e l l a t e s  (6-121). Larval anchovies begin  t o  resemble 

a d u l t s  when they reach a length  of 25 m. The a d u l t s  a r e  

ind i sc r iminan t  f i l t e r  and p a r t i c u l a t e  f e e d e r s ,  b u t  have 

a l s o  been observed feeding on l a r v a l  f i s h  (6-122). 

- Northern anchovy do not  t y p i c a l l y  have a long l i f e  span.  

Most f i s h  taken by commercial boa ts  range from two t o  t h r e e  

years o l d  (6-123);  however, t h e  maximum repor t ed  age i s  

seven y e a r s .  Recent s t u d i e s  have shown t h a t  t h e  average 

s i z e  of t h e  nor thern  anchovy, i n  r e l a t i o n  t o  i t s  age,  has  

decreased s i n c e  1952. This decrease appears  t o  be due t o  a 

dramatic i nc rease  i n  t h e  anchovy popu la t ion ,  an occurrence 

which has caused increased  competit ion among ind iv idua l s  

(6-124). Most nor thern  anchovies reach  ma tu r i ty  by the  end 

of t h e i r  second year (6-125). Some are  mature a f t e r  1 2  

months of age.  

I n  d i s t r i b u t i o n ,  t h e  no r the rn  anchovy ranges f r c n  Queen 

Char lo t t e  I s l a n d s ,  B r i t i s h  Columbia, t o  Cape San Lucas, 

Baja C a l i f o r n i a .  They a r e  mosg commonly found i n  c c a s t a l  

waters  from San Francisco t o  Magdalena Bay (6-126). 
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6 . 3 . 4 . 2 . 3  Deepbody Anchovy (Anchoa compressa). The deep-

body anchovy has  l i t t l e  commercial va lue .  It d i e s  s h o r t l y  

a f t e r  cap ture  s o  i t  i s  not  u s e f u l  as  a l i v e  b a i t  f i s h  (6

1 2 7 ) .  

Nearly mature eggs a r e  found i n  t h e  o v a r i e s  of female 

deepbody anchovies during most of the  yea r ;  however, suc

c e s s f u l  spawning i s  confined t o  sp r ing  o r  summer. The 

a d u l t s  and juven i l e s  a r e  p l ank ton ic  f i l t e r  f eede r s  bu t  they  

have been observed s e l e c t i v e l y  feeding on micro-organisms. 

The maximum repor t ed  s i z e  f o r  t h e  deepbody i s  165 mm TL and 

t h e  maximum age i s  seven yea r s  (6 -128) .  

The deepbody's d i s t r i b u t i o n  range i s  from Morro Bay, 

C a l i f o r n i a ,  t o  Todos Santos  Bay, Baja C a l i f o r n i a  (6-129) .  

It  i s  found i n  abundant numbers i n  bays and e s t u a r i e s  du r ing  

t h e  summer and e a r l y  f a l l  (6-130).  

6 . 3 . 4 . 2 . 4  Slough Anchovy (Anchoa d e l i c a t i s s i m a ) .  The 

s lough anchovy i s  o f t e n  caught w i th  Engraul i s  mordax i n  

' commercial hauls  and i s  used a s  a l i v e  and dead b a i t  f i s h  

(6 -131) .  Although not  a s p o r t f i s h ,  it i s  a d e s i r a b l e  food 

f i s h ,  being meatier and t a s t i e r  than t h e  deepbody anchovy 

( 6 - 132)  . 

I n  southern C a l i f o r n i a ,  t h e  slough anchovy i s  a r e s i d e n t  

of bays and lagoons throughout t h e  y e a r .  However, abun

dances gene ra l ly  d e c l i n e  dur ing  the  win te r  months. Adults 

and juven i l e s  a r e  n o n s e l e c t i v e  p lanktonivores .  I n  s i z e ,  

i n d i v i d u a l s  as l a r g e  as 100 m FL have been r epor t ed  (6-133). 
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L i t t l e  i s  known about t h e  spawning h a b i t s  of t h i s  s p e c i e s .  

The slough anchovy ranges from Belmont Shores (Long 

Beach), C a l i f o r n i a ,  t o  Magdalena Bay, Baja C a l i f o r n i a .  I t  

i s  found i n  e s t u a r i e s ,  bays and occas iona l ly  i n  c o a s t a l  

a r e a s  j u s t  o u t s i d e  of bays (6-134). 

6 . 3 . 4 . 2 . 5  C a l i f o r n i a  Grunion (Leuresthes  t e n u i s ) .  Grunion 

a r e  not  abundant enough t o  be a commercially va luab le  f i s h ;  

however, some a r e  i n c i d e n t a l l y  taken as a minor p o r t i o n  of 

t h e  commercial s m e l t  c a t ch  (6-135 and 6-136). They are an 

important s p o r t f i s h  taken by hand dur ing  spawning r u n s .  

SFawning occurs  dur ing  t h r e e  o r  fou r  consecut ive  n i g h t s  a t  

t h e  extreme high t i d e s  fol lowing each f u l l  o r  new moon. 

They spawn from l a t e  February through e a r l y  Seytember. Each 

female b u r i e s  h e r s e l f  t o  h e r  p e c t o r a l  f i n s  and depos i t s  eggs 

i n  t h e  sand a t  t h e  high t i d e  mark. The m a l e  f e r t i l i z e s  t h e  

eggs during spawning. Females produce between 1000 and 3000 

eggs every t e n  days during t h e  spawning p e r i o d  (6-137).  

The eggs a r e  s p h e r i c a l ,  1 . 5  t o  1 . 6  mm i n  d i ame te r ,  and are 

a semi- t ransparent  yellow-green c o l o r  (6-138).  They 

r e q u i r e  approximately t e n  days t o  h a t c h ,  when t h e  nex t  

s e r i e s  of h igh  t i d e s  uncovers them (6-139).  The newly 

hatched l a r v a e  a r e  l a r g e  ( 6 . 5  t o  6 . 7 5  mm long)  and possess  

a l a r g e  y o l k  s a c  and o i l  g lobu le  (6-140) .  The grunion feed  

on macroscopic and microscopic  plankton (6-141).  Growth i s  

very r a p i d  dur ing  t h e  f i r s t  year  and yea r -o ld  g r u n i m  a t t a i n  

a l eng th  of 125 nnn. The l i f e  expectancy f o r  t h e  g r m i o n  
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v a r i e s  from two t o  t h r e e  y e a r s ,  b u t  a few specimens l i v e  t o  

be f o u r  years  o l d .  The maximum s i z e  f o r  grunion  i s  about 

175 (6-142). 

The grunion ranges from Monterey Bay t o  Bahia Magdalena, 

Baja C a l i f o r n i a ;  however, i t s  presence  i n  Baja i s  l i m i t e d ,  

due t o  t h e  l a c k  of s u i t a b l e  beach h a b i t a t  (6-143).  They are  

seldom captured more than a m i l e  o f f s h o r e  and u s u a l l y  s t a y  

just beyond t h e  s u r f  zone (6-144).  

6 . 3 . 4 . 2 . 6  Topsmelt (Arherinops a f f i n i s ) .  Topsmelt are  

o f r e n  captured by p i e r  f ishermen us ing  hook and l i n e  and by 

commercial fishermen us ing  lamperas ,  o r  s imi l a r  e n c i r c l i n g  

n e t s .  The combined commercial c a t c h  of topsmel t  and j ack -

s m e l t  seldom exceeds 226,750 K g  (500,000 l b )  p e r  y e a r .  

About 25 percent  of t h e  320,000 topsmelt  and jacksmel t  

caught  by spor t s f i shermen each y e a r  a r e  topsmel t  (6-145).  

I n  C a l i f o r n i a  w a t e r s ,  t h e  1976 commercial c a t c h  f o r  s m e l t  

( topsmel t  and jacksmel t )  was 5 , 0 9 8  K g  (11,256 lb) (6-146).  

Four subspecies  of t opsme l t ,  g e n e r a l l y  sepa ra t ed  by t h e  

h a b i t a t  t h e y  occupy, a r e  recognized  i n  C a l i f o r n i a  (6-147).  

Spawning u s u a l l y  occurs  i n  sha l low water  from l a t e  w i n t e r  

and s p r i n g  through l a t e  summer and e a r l y  f a l l  (6-148, 6-149, 

and 6 - 1 5 0 ) .  The r e l a t i v e l y  l a r g e  eggs a r e  equipped w i t h  

s h o r t  adhesive f i l amen t s  which a t t a c h  t o  b i t s  of a l g a e  and 

seaweed (6-151) .  Larvae and young occupy t h e  bays and t h e  

upper 50 mm ( 2  i n . )  of t h e  k e l p  canopy, where they  f e e d  upon 

s m a l l  c rus t aceans  (6-152).  J u v e n i l e s  predominate from 
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summer through f a l l ,  occupying the  open spaces of t h e  su r 

f ace  i n  ke lp  f o r e s t s  and t h e  i n t e r t i d a l  a r eas  of shallow 

rocky r e e f s  (6-153).  Algae and k e l p f l y  l a r v a e  have been 

repor ted  from the  stomachs of j u v e n i l e s ,  but  a d u l t s  feed 

almost exc lus ive ly  on planktonic  c rus taceans  w i t h i n  3 t o  

4 . 5  m (10 t o  15  f t )  of t h e  su r face  (6-154) .  

Topsmelt a r e  repor ted  t o  grow from 64 t o  102 mm (2 .5  t o  

4 i n . )  during t h e i r  f i r s t  yea r ,  and about 51, 38 and 19 mm 

during the  second, t h i r d  and f o u r t h  y e a r s ,  r e s p e c t i v e l y .  

Females a r e  usua l ly  l a r g e r  and more abundant than males,  

reaching lengths  of 368 mm (15 i n . ) .  The maximum age 

a t t a i n e d  i s  gene ra l ly  seven t o  e i g h t  years  (6-155).  Some 

topsmelt  reach ma tu r i ty  a f t e r  two years  bu t  a l l  mature by 

t h e  t h i r d  year  (6-156).  

The d i s t r i b u t i o n  of topsmelt  ranges from Sooke Harbor, 

Vancouver I s l a n d ,  t o  the  Gulf of C a l i f o r n i a .  They gene ra l ly  

occur i n  l a r g e  schools  year-round (6-157).  Although found 

from t h e  su r face  t o  depths of 9 m (30 f t ) ,  topsmelt  u sua l ly  

occupy the  upper 1 m of  t h e  water  column (6-158).  They are 

a l so  common i n  inshore  wa te r s ,  bays and e s t u a r i e s  and have 

been repor ted  from brackish  and f r e s h  water  (6-159 and 

6-160).  

6 . 3 . 4 . 2 . 7  Sculpin (Scorpaena g u t t a t a ) .  Although camon 

throughout the  y e a r ,  t h i s  popular  s p o r t s f i s h  i s  taken i n  

peak numbers during t h e  s p r i n g  and summer (6-161 and 6-162). 

It  ranked as  one of t h e  top t e n  spec ie s  taken by p r i v a t e  and 
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p a r t y  boa t s  i n  southern  C a l i f o r n i a  from 1963 through 1966 

(6-163) .  I n  1 9 7 8 ,  44,744 s c u l p i n  were landed by C a l i f o r n i a  

p a r t y  boa t s  (6-164).  The commercial ca t ch  i s  p r i m a r i l y  

t aken  on se t  l i n e s  and averages about 45,000 Kg (99,000 l b )  

p e r  y e a r  (6-165). I n  1 9 7 6 ,  15,000 Kg (34,000 l b )  were 

taken  from C a l i f o r n i a  waters  and 63,000 Kg (139,000 l b )  

from Mexican waters  (landed i n  C a l i f o r n i a )  (6-166).  

Sculp in  appear t o  migra te  and congregate  i n  groups a t  

c e r t a i n  l o c a t i o n s ,  o f t e n  remaining f o r  days,  weeks o r  months 

b e f o r e  dwindling o r  d i sappear ing  (6-167).  Spawning occurs  

a t  n i g h t  from A p r i l  through August (6-168) .  The f e r t i l i z e d  

egg masses are buoyant and r i s e  t o  t h e  s u r f a c e  i n  a b i lobed  

g e l a t i n o u s  mass (6-169).  Larvae h a t c h  i n  approximately 2 .5  

davs (6-170).  Sculp in  feed  upon a v a r i e t y  of organisms 

i n c l u d i n g  c r a b s ,  s q u i d ,  f i s h  and shrimp (6-171).  Because of 

t h e i r  venomous s p i n e s ,  they a r e  n o t  s ca red  e a s i l y .  Wounds 

from t h e s e  s p i n e s  can be extremely p a i n f u l .  Scu lp in  r each  

m a t x r i t y  a t  t h r e e  *-.-t o  fou r  years  of age  a t  a l e n g t h  of about 

219  mm SL.. I n d i v i d u a l s  may grow t o  over 400 mm SL (6-172). 

I n  d i s t r i b u t i o n ,  t h e  s c u l p i n  ext.ends from t h e  Gulf of 

C a l i i o r n i a  t o  Santa  Cruz, i nc lud ing  Guadalupe I s l a n d  (6-173). 

They  range from shal low t i d e p o o l s  i n s h o r e  o u t  t o  depths  as 

. 	 g r e a t  as 183 m (6-174).  However, s c u l p i n  are most common 

i n  wa te r s  of  less than 30 m dep th ,  over  r e l a t i v e l y  b a r e  

rocky bottoms (6-175) .  
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6 . 3 . 4 . 2 . 8  Staghorn'  Sculpin (Leptocottus armatus).  The 

s taghorn scu lp in  has l i t t l e  r e c r e a t i o n a l  o r  commercial value 

but  has been repor ted  t o  be taken by anglers  from p i e r s  and 

j e t t i e s  ( 6 - 1 7 6 ) .  

Most staghorn scu lp in  spend t h e i r  e n t i r e  l i f e  span i n  

s a l t w a t e r ;  however, some la rvae  and j u v e n i l e s  have been 

found i n  f reshwater .  The adu l t  f i s h  spawn i n  marine wa te r s ,  

o f f shore  o r  i n  bays,  from October through March. Ind iv idua l  

f i s h  w i l l  spawn only once during t h i s  season. Af t e r  mating, 

each female repor ted ly  moves i n t o  brackish  lagoons ( those  

having s a l i n i t i e s  of about 28 pp t )  t o  l a y  approximately 5 0 0 0  

eggs i n  a s t i c k y  demersal c l u s t e r .  These eggs r e q u i r e  from 

9 t o  14  days t o  hatch a t  15  C .  Some newly hatched l a r v a e  

migrate  up r i v e r s  p a s t  t h e  l i m i t s  of t i d a l  i n f luence .  A t  

t h r e e  months of age most of t he  young r e t u r n  t o  t h e  e s t u 

a r i e s ,  al though some f i s h  as  o ld  as  two years  have been 

found i n  f reshwater  streams (6 -177) .  The d i e t  of j u v e n i l e  

s taghorn scu lp in  c o n s i s t s  pri-marily of tub icu lous  amphipods, 

po lychae tes ,  i n s e c t  l a r v a e  and o t h e r  i n v e r t e b r a t e s .  Adults ' 

feed upon s m a l l  s h r i m p ,  ghost  sh r imp  and small  f i s h e s  (6

178) .  The maximum s i z e  f o r  t hese  scu lp ins  i s  j u s t  under 

3 0 5  mm and the  maximum age i s  5 years  (6 -179) .  Staghorns 
c~IA------c---

y__ 

reach matur i ty  by the  end of t h e i r  f i r s t  year  a t  a length 
____ 

of  about 120 mm (6-180) .  
__--------.---

The s taghorn s c u l p i n  ranges from Kodiak I s l a n d ,  Alaska,  

t o  San Quent in  Bay, Baja C a l i f o r n i a ,  and i s  one of :he most 
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widely d i s t r i b u t e d  c o t t i d s  on t h e  Pacific c o a s t  (6-181) 

It has  been r epor t ed  from depths ou t  t o  155 m ,  b u t  i s  se l 

dom found below 18 m (6-182) .  

6 . 3 . 4 . 2 . 9  K e l p  Bass (Para labrax  c l a t h r a t u s ) .  The k e l p  bass  
-.---

was t h e  most important  f i .sh caught by sportsmen on p a r t y  

boats  dur ing  1964 (6-183).  Off of San Diego, t h e  Po in t  Loma 

k e l p  beds a lone  y i e lded  an es t imated  annual  9 . 5  Kg pe r  acre 

f o r  t h i s  s p e c i e s  (6-184).  I n  southern  C a l i f o r n i a ,  more k e l p  

bass  are landed each y e a r  than y e l l o w t a i l ,  a lbacore  and 

whi te  seabass  combined (6-185).  I n  1978,  344,917 f i s h  w e r e  

landed on p a r t y  boa t s  a lone  (6-186).  

Large-sca le  migra t ions  of t h e  k e l p  bas s  have no t  been 

observed,  and d i f f e r e n t  k e l p  s t ands  appear  t o  con ta in  l o c a l  

r e s i d e n t  popu la t ions  (6-187).  However, a d u l t s  w i l l  move 

i n t o  a r e a s  of low s p e c i e s  d e n s i t y  (6-188).  Larger  k e l p  bas s  

become rep roduc t ive  e a r l i e r  i n  t h e  season  than  smaller f i s h  

and can be found i n  r ep roduc t ive  c o n d i t i o n  from A p r i l  

through December. The m a j o r i t y  of spawning t akes  p l a c e  from 

Ju ly  through September. Spawning k e l p  b a s s  g e n e r a l l y  con

g r e g a t e  i n  l a r g e  groups i n  deep water k e l p  s t ands  (6-189).  

The eggs are  p e l a g i c  and subsequent larvae (25 t o  50 rmn TL) 

are  found i n s h o r e  from summer u n t i l  l a t e  December (6-190). 

Kelp bas s  grow slowly b u t  may l i v e  up t o  32 y e a r s  and 

reach  a maximum s i z e  of 640 mm TL (6-191) .  Most r each  

maturity a t  a s i z e  of about 254 mm and an age of two y e a r s  

(6-192 and 6-193).  The a d u l t ' s  d i e t  c o n s i s t s  of f i s h  and 0 
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cephalopods .  J u v e n i l e s ,  however, f eed  upon demersal c rus

tacea  (6-194). 

K e l p  bass  range from Monterey Bay, C a l i f o r n i a ,  t o  Po in t  

Abreojos,  Baja C a l i f o r n i a ,  but  are considered uncommon nor th  

of Poin t  Conception (6 -195) .  

6 .3 .4 .2 .10  Spot ted  Sand Bass (Para labrax  rnaculatofasciatus) .  

The commercial f i s h e r y  f o r  Para labrax  sp  w a s  h a l t e d  i n  1947  

i n  C a l i f o r n i a .  Apyroximately 12,000 are taken by s p o r t s -

fishermen each yea r ,  exc lus ive  of t h e  spo r tboa t  f i s h e r y  

ca tch  (6-196) .  

Spawning occurs dur ing  the  s p r i n g  and e a r l y  summer (6

1 9 7 ) .  The s p o t t e d  sand bass  has p e l a g i c  eggs.  Young bass  

u t i l i z e  bays and lagoons a s  nursery  grounds (6-198). I n d i 

v idua l s  may grow t o  a m a x i m u m  s i z e  of approximately 40 cm 

and a weight of 2 . 7  k g .  Fish  as o l d  as 1 5  years have been 

r epor t ed  (6-199).  

The s p o t t e d  sand bass  ranges from San Franc isco  t o  

Mazatlan,  Mexico, a l though they have n o t  been numerous i n  

waters  n o r t h  of Monterey Bay s i n c e  1880 (6-200).  They 

i n n a b i t  bays and lagoons almost exc lus ive ly  and are  most 

common a t  depths  from 1 t o  9 m .  These f i s h  are g e n e r a l l y  

found on f l a t  sand bottoms a s s o c i a t e d  w i t h  Zos te ra  ( e e l 

g r a s s )  (6-201, 6-202, and 6 - 2 0 3 ) .  

6.3.4.2.11 Barred Sand Rass (Para labrax  n e b u l i f e r ) .  Com

merc ia l  f i s h i n g  f o r  a l l  sand bass  (Para labrax  sp)  w.as 
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h a l t e d  i n  1947 ( 6 - 2 0 4 ) .  However, sand bass  are s t i l l  popu- e 
l a r  s p o r t s f i s h  and a re  taken  i n  l a r g e  numbers on p a r t y  

boa t s  each year  (6-205).  Barred sand bass  make up only  a 

s m a l l  p o r t i o n  of t h e  t o t a l  sand bass  landings  (6-206).  I n  

1 9 7 8 ,  110,377 i n d i v i d u a l s  w e r e  taken by C a l i f o r n i a  p a r t y  

boa t s  (6-207).  

Barred sand bass  have been observed a t  l o c a l  areas by 

d i v e r s  throughout t he  year  and do no t  appear  t o  migra te  (6 

208) .  The spawning season runs  from A p r i l  t o  October.  How

e v e r ,  most f i s h  spawn i n  J u l y  and September dur ing  the 

warmer months of t h e  year  (6-209).  The eggs ,  l i k e  those  of 

o t h e r  sand b a s s ,  are  p e l a g i c .  Juven i l e s  a re  common around 

t h e  en t r ances  of bays i n  e e l g r a s s  beds du r ing  f a l l  and 

win te r  (6-210).  Adult ba r r ed  sand bass  f e e d  mainly upon 

shr imp,  c r a b s ,  ophiuro ids  and s m a l l  f i s h  (6-211).  Ind iv id 

u a l s  reach  ma tu r i ty  a t  a l eng th  of  about  240 mm (6-212).  
r 

Fish  as l a r g e  as 660 rmn have been r e p o r t e d  (6-213).-
I n  d i s t r i b u t i o n ,  t h e s e  sand bass  a re  found from Monterey 

Bay, C a l i f o r n i a ,  t o  Magdalena Bay, Baja C a l i f o r n i a  (6-214 

and 6-215).  They are bottom f i s h  g e n e r a l l y  found i n h a b i t i n g  

sandy areas around rocks  a t  depths  from 3 t o  40 m (6-216).  

6 .3 .4 .2 .12  Queenfish (Seriphus politus). Queenfish have 


l i t t l e  commercial v a l u e .  They a re  s m a l l  f i s h  and d i f f i c u l t  


t o  c a t c h  i n  commercially p r o f i t a b l e  quan t i t i e s  (6-217).  I n  


1 9 7 6 ,  5888 Kg ( 1 2 , 9 1 4  l b )  w e r e  landed i n  C a l i f o r n i a  w a t e r s  


( h - 2 1 8 ) .  I n  a t y p i c a l  c a t c h  of queenf i sh  and whi te  c r o a k e r ,  0 
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t h e  queenfish comprised only 1 percent  of t h e  marketable  

c a t c h .  To t h e  s p o r t  f ishermen,  t h e  queenf i sh  a r e  valued as 

l i v e  b a i t .  They a r e  hardy,  

y e a r ,  a b l e  t o  l i v e  i n  s m a l l  

ods ,  and being bottom f i s h ,  

w h i l e  hooked ( 6 - 2 1 9 ) .  

The queenfish have been 

a v a i l a b l e  dur ing  most of t h e  

r e c e p t a c l e s  f o r  extended p e r i 

they  remain nea r  t h e  bottom 

observed t o  migra te  seaward, 

i n t o  deep water ,  a t  n i g h t  (6-220).  During t h e  w i n t e r  they 

move o f f shore  becoming less  a v a i l a b l e  t o  a n g l e r s  (6-221).  

Ripe a d u l t s  have been c o l l e c t e d  during midsummer and young 

appear  i n  l a t e  summer and f a l l .  The queenf i sh  enters 

spawning condi t ion  i n  A p r i l  and spawns i n t o  August (6-222, 

6-223, and 6-224). Thei r  o v a r i e s  con ta in  va r ious  t y p e s  of 

oocy te s ,  which i s  common among f i s h  w i t h  long breeding sea

sons and m u l t i p l e  spawnings (6-225).  The eggs are p e l a g i c ,  

g i v i n g  b i r t h  t o  t i n y  young i n  l a t e  summer and f a l l  (6-226). 

The queenfish f r equen t ly  a s s o c i a t e s  w i th  o t h e r  f i s h ,  e spec i 

a l l y  the  white  croaker  (6-227).  They feed  on s m a l l  shrimp, 

f i s h  and worms. Ind iv idua l s  g e n e r a l l y  mature a t  a body 

l e n g t h  o f  about 170 t o  220 m (6-228). 

D i s t r i b u t i o n  of t h e  queenf i sh  extends from Yaquina Bay, 

Oregon, t o  Uncle Sam Bank, Baja C a l i f o r n i a  (6-229), b u t  they 

a r e  more common south  of P o i n t  Conception. They p r e f e r  

s h a l l o w  water  and sandy bottoms and a r e  common i n  b i y s  and 

s loughs ,  swimming i n  smal l  dense schoo l s .  
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6 .3 .4 .2 .13  White Seabass (Cynoscion n o b i l i s ) .  Commercial 

f i s h i n g  f o r  wh i t e  seabass  us ing  round h a u l  o r  e n c i r c l i n g  

n e t s ,  was outlawed i n  C a l i f o r n i a  i n  1940. S i n c e  t h a t  t i m e ,  

commercial l andings  have been taken p r i m a r i l y  u s i n g  g i l l  

n e t s  (6-230). From 1920 t o  1970, t h e  average  commercial 

c a t c h  has been about  450,000 Kg p e r  year  (6-231).  I n  1976, 

90,000 Kg (198,000 l b )  were landed from C a l i f o r n i a  waters 

and 390,000 Kg (860 ,000  l b )  from Mexican waters  (6-232).  

The commercial f i s h i n g  a c t i v i t i e s  u s u a l l y  ex tend  from Morro 

Bay t o  Baja C a l i f o r n i a .  Much of t h e  C a l i f o r n i a  c a t c h ,  how

e v e r ,  i s  taken from waters  o f f  Santa  C a t a l i n a  and San Cle

mente I s l a n d s  (6-233).  The whi te  seabass  i s  a l s o  a popular  

s p o r t f i s h  taken by s k i f f  f ishermen,  scuba d i v e r s  and o t h e r  

a n g l e r s .  I n  1978, 432 seabass  were landed by p a r t y  boa t s  

i n  C a l i f o r n i a  (6-234) .  

From e x i s t i n g  d a t a ,  whi te  seabass  appear  t o  spawn from 

March through August (6-235).  During t h i s  p e r i o d  a d u l t  f i s h  

congregate  around c o a s t a l  ke lp  beds and areas of rocky 

r e l i e f .  Seabass eggs being p e l a g i c ,  l a rva l  f i s h  and young 

a r e  commonly found i n  bays and i n  t h e  s u r f  zone dur ing  l a t e  

summer and f a l l  (6-236 and 6-237).  

A r eco rd  s i z e  of 37 Kg w a s  recorded f o r  t h i s  s p e c i e s ,  

b u t  i n d i v i d u a l s  l a r g e r  than 27 Kg are  rare  (6-238, 6-239, 

and 6-240).  Many f i s h  l i v e  t o  20 y e a r s  o r  o l d e r .  The males 
_c.j -. 

m z E r  e abo_ut;__a____y_ear_~b~a.rze__t.h.e_,f 4emal.e.s,-..aSl..an.-~~e-of__3._~._t_q 

years and a s i z e  of  about 550  m. 
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White seabass  a r e  d i s t r i b u t e d  from Juneau, Alaska,  t o  

t h e  Gulf of C a l i f o r n i a  but  are most common sou th  of San 

F ranc i sco .  Adults occur from s u r f  zone o f f s h o r e  t o  areas 

as deep as 122 m. However, they are more t y p i c a l l y  found 

a t  depths  of 15 t o  23 m around k e l p  beds,  over rocky o r  

sandy bottoms (6-241, 6-242, and 6-243).  Adult seabass  

g e n e r a l l y  occur i n  loose  schools  around k e l p  beds.  They 

have been observed e n t e r i n g  r i v e r s  on occasion (6-244). 

6 . 3 . 4 . 2 . 1 4  C a l i f o r n i a  Corbina (Menticir rhus undu la tus ) .  

Commercial f i s h i n g  f o r  corb ina  has  been outlawed s i n c e  1909 

and t h e  s a l e  o r  purchase of them i l l e g a l  s i n c e  1915 (6-245).  

However, they a r e  a h ighly  p r i z e d  and sought a f te r  s p o r t s -

f i s h ,  e s p e c i a l l y  by the  surf f ishermen.  They are  taken 

year-round along southern  C a l i f o r n i a ' s  sandy beaches,  b u t  

f i s h i n g  i s  b e s t  from J u l y  through September (6-246).  Baxter 

(1974) found t h a t  s o f t - s h e l l e d  sandcrabs a r e  t h e  p r e f e r r e d  

b a i t ,  a l though fishermen a l s o  have good success  w i t h  blood-

w o r m s ,  mussels ,  clams and pileworms (6-247). In 1960, t h e  

corb ina  comprised 1 7  pe rcen t  of t h e  t o t a l  s u r f  f i s h i n g  c a t c h  

i n  southern  C a l i f o r n i a  (6-248).  I n  1964, i t  w a s  cons idered  

t o  be t h e  most important  s u r f  f i s h  caught by spor t s f i shermen 

(6 - 249) . 

C a l i f o r n i a  corbina move o f f s h o r e  i n t o  deeper water  i n  

t h e  summer months dur ing  spawning (6-250 and 6-251).  Tag

g ing  s t u d i e s  have i n d i c a t e d  movements of up t o  8 2  kn (6

252) .  Corbina a r e  summer spawners,  w i t h  t h e  heavie .s t  

6-61. 
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a c t i v i t y  taking p l ace  during J u l y  and August ( 6 - 2 5 3 ,  6 - 2 5 4 ,  

and 6 - 2 5 5 ) .  Once t h e  pe l ag ic  eggs ha t ch ,  young show very 

h igh  growth r a t e s  f o r  t he  f i r s t  two y e a r s ,  e s p e c i a l l y  during 

t h e  summer months ( 6 - 2 5 6 ) .  The spec ie s  i s  r e p o r t e d  t o  feed 

i n  'very shallow wa te r ,  scooping up mouthfuls  of sand and 

feeding  upon small  c rus taceans  ( 6 - 2 5 7 ) .  Analys is  of stomach 

contents  have shown t h a t  they feed upon mysids,  amphipods, 

bean clams and sand crabs  ( 6 - 2 5 8 ) .  Males mature  a t  two 

years  of age and a t  a length  of about 250 mm. Females 

mature a t  t h r e e  years  and a l eng th  of about 300 rum ( 6 - 2 5 9 ) .  

ed f i s h  w a s  710 mm long,  weighed 3 . 2  Kg, 
p-

-.IIuI sv1_1_ 


and was approximately 8 years  o l d .  
I_ 

The corbina commonly ranges from Poin t  Conception t o  t h e  

Mexican bo rde r ,  a l though s t r a g g l e r s  may occur  as fa r  n o r t h  

as San Francisco and as f a r  south  a s  t h e  Gulf of C a l i f o r n i a  

( 6 - 2 6 0  and 6 - 2 6 1 ) :  They a r e  commonly found i n  t h e  water  

column f r o m . t h e  s u r f a c e  down t o  14 m ( 6 - 2 6 2 ) .  Fish  are 

o f t e n  observed i n  aggregat ions of from two t o  f ive  ind iv id 

u a l s ,  a l though occas iona l  schools  of hundreds have been 

noted ( 6 - 2 6 3 ) .  

6 . 3 . 4 . 2 . 1 5  White Croaker (Genyonemus l i n e a t u s ) .  By v i r t u e  

of i t s  r e l a t i v e l y  g r e a t  abundance i n  C a l i f o r n i a  w a t e r s ,  t h e  

whi te  croaker  i s  a s p e c i e s  of s i g n i f i c a n t  commercial i n t e r 

e s t  ( 6 - 2 6 4 ) .  Commercial ca tches  a r e  made p r i m a r i l y  using 

round haul  n e t s .  I n  r e c e n t  y e a r s ,  however , landings have 

dec l ined .  To ta l  commercial ca t ch  has dropped s i n c e  1 9 5 2  
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frcm c lose  to  1 , 0 0 0 , 0 0 0  Kg t o  an average of 230,000 Kg p e r  

year  ( 6 - 2 6 5 ) .  I n  1976, 227,000 Kg (497,000 l b )  were landed 

from C a l i f o r n i a  waters  (6-266). A s  a s p o r t f i s h ,  t h e  white  

c roake r  i s  a l s o  s i g n i f i c a n t .  It was considered t o  be t h e  

most important f i s h  taken by spor t f i shermen i n  C a l i f o r n i a  

bays and lagoons during 1965 (6-267).  I n  1978, over 17,000 

f i s h  were landed on C a l i f o r n i a  p a r t y  boa ts  a lone  (6-268). 

Although present  year-round, t h e  whi te  croaker  seems t o  

be more common during t h e  summer months (6-269). Spawning 

occurs  from October through A p r i l  and may cont inue  sporadi 

c a l l y  i n t o  t h e  summer (6-270 and 6-271). The c r o a k e r ' s  d i e t  

c o n s i s t s  of l i v e  o r  dead f i s h ,  s q u i d ,  shrimp, o c t o p i ,  worms 

and o t h e r  i t e m s .  White c roakers  r each  m a t u r i t y  and spawn 

f o r  t h e  f i r s t  time during s p r i n g  of t h e i r  second o r  t h i r d  

y e a r  (6-272).  Ind iv idua l s  vary from 130 t o  150 mm i n  length  
_c_- \ 

a t  t h i s  t i m e .  They grow t o  a m a x i m u m  of 510 mm i n  l eng th- ql___L 

and 1 Kg i n  weight .  White c roakers  may l i v e  t o  be 15  yea r s  

o l d  o r  more (6-273). 

I n  d i s t r i b u t i o n ,  t h e  w h i t e  c roaker  ranges from Magda

lena  Bay, Baja C a l i f o r n i a ,  t o  Vancouver I s l a n d ,  B r i t i s h  

Columbia (6-274, 6-275, and 6-276). . However, i t  i s  n o t  

common i n  waters  n o r t h  of San F ranc i sco  (6-277).  The 

c roake r s  a r e  u s u a l l y  found i n  l o o s e  schools  a t  o r  m a r  t h e  

bottom i n  sandy a r e a s  (6-278).  They are common bott. i n  t h e  

s u r f  zone. as  w e l l  as i n  shal low bays and lagoons.  Pormally,  

t h e s e  f i s h  i n h a b i t  waters  f r o m  3 t o  30 m deep. 
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6 .3 .4 .2 .16  Spo t f in  Croaker (Roncador s t e a r n s i ) .  Although 

commercial use  of s p o t f i n  croaker has been outlawed s i n c e  

1909, t h e i r  importance as a r e c r e a t i o n a l  f i s h  has increased  

because of tlheir beauty ,  f i n e  f i g h t i n g  s p i r i t  and d e l i c a t e  

t a s t e  (6-279).  They a r e  taken along t h e  s h o r e l i n e ,  i n  bays,  

o f f  j e t t i e s  and p i e r s  and occas iona l ly  by spea r  f ishermen 

(6-280 and 6-281).  

Skogsberg (1939) observed t h a t  s p o t f i n  c roaker  appear 

t o  be seasonal  i n  occurrence and show a t  l e a s t  a l i m i t e d  

migra t ion  by moving i n t o  deeper waters  during t h e  coo le r  

seasons (6-282).  The presence of  spent  females i n  l a t e  sum

mer and young during t h e  f a l l  i n d i c a t e s  a summer spawning 

season f o r  t h i s  spec ie s  (6-283, 6-284, and 6-285).  The 

croaker  eggs a r e  p e l a g i c  (6-286).  Af t e r  ha t ch ing ,  t h e  young 

spread throughout t h e  s u r f  zone, where they appa ren t ly  r e 

s i d e .  Their  food c o n s i s t s  p r imar i ly  of po lychae te s ,  clams, 

c rabs  and var ious  small  c rus taceans  (6-287).  The s p o t f i n  i s  

unique among croakers  i n  t h a t  they a r e  a b l e  t o  c rush  and 

i n g e s t  heav i ly  s h e l l e d  food (6-288).  They do n o t  appear  t o  

reach sexual  matur i ty  u n t i l  t h e  b e g i n n m r  t h i r d  

growth yea r ,  a t  a l eng th  of about 230 mm (6-289 and 6-290).  
Y 

Annual growth during t h e i r  f i r s t  two years  i s  r a p i d  (100 mm/ 

y r )  a l though n e t  weight g a i n  i s  g r e a t e s t  i n  t h e  t h i r d  growth 

year  (6-291).  Temperature appears t o  be a key f a c t o r  i n f l u 

encing t h e i r  growth. 

000228 
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Their distribution ranges from Point Conception to Mad

dalena Bay, Baja California, but sightings north of Los 

Angeles are not common (6-292, 6-293, and 6-294). The spot-

fin croaker is a shallow-water fish, preferring sandy 

beaches, sloughs and bays and appears not to exceed depths 

of 6 to 9 m (6-295). They may swim in small schools of up 

to 50 individuals but generally only two or three are found 

together (6-296). 

6.3.4.2.17 Barred Surfperch (Amphistichus argenteus). South 

of Point Arguello, California, barred surfperch have been 

reserved exclusively for sportfishing since 1953. In this 

region, from 1963 to 1965, anglers landed an average of 

114,000 individuals per year (6-297). In 1965 they were 

considered to be the most important surf fish taken on the 

open coast by sportfishermen (6-298). The predominant Cali

fornia commercial fishing areas are between Point Mugu and 

Pismo Beach. All of the commercial catch is sold as fresh 

fish. 

General migratory patterns for this species have not 

been substantiated. However, tagging studies have shown 

that individuals may move considerable distances along the 

coastline (57 km in 48 days) (6-299). 

Like the other surfperches, the barred surfperch is 


viviparous, giving birth to live young. Mating occikrs from 


November through January, with the older females usially 


mating during the earlier parts of the season (6-300. 
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Following a g e s t a t i o n  pe r iod  of f i v e  months, t h e  young a r e  

r e l e a s e d  a t  s i z e s  ranging from 42 t o  53 mm. The average-
number of young r e l e a s e d  p e r  female i s  33.4 f i s h ,  b u t  t h e  

number of young v a r i e s  

301) .  The s u r f p e r c h ' s  

(93 p e r c e n t ) ,  bu t  r a z o r  

and smal l  f i s h  a r e  a l s o  

some t i m e  during t h e i r  

no t  mature u n t i l  a f t e r  

specimen averages about 

w 

d i r e c t l y  wi th  t h e  f ema le ' s  s i z e  (6

d i e t  c o n s i s t s  mainly of sand c rabs  

clams,  bean clams, musse ls ,  c r abs  

consumed (6-302).  Males mature a t  

f i r s t  y e a r ,  b u t  females u s u a l l y  do 

t h e i r  second year  (6-303).  A t y p i c a l  

128  mm i n  l e n g t h  by t h e  end of  i t s  

f i r s t  y e a r .  Maximum i n d i v i d u a l  s i z e s  on r e c o r d  are  a 305 mm 

long male (6 years  o ld )  and a 430 m long female (9 y e a r s-
o ld )  (6-304 and 6-305).  

Barred su r fpe rch  a r e  t y p i c a l l y  found i n  b reak ing  s u r f  

over sandy bottoms. The i r  range extends from Bodega Bay, 

C a l i f o r n i a ,  t o  Playa Maria Bay, Baja C a l i f o r n i a .  

6 . 3 . 4 . 2 . 1 8  Walleye Sur fpe rch  (Hyperprosopon argenteum).  The 

wal leye sur fperch  i s  one of t h e  two most important  s u r f p e r c h  

caught i n  C a l i f o r n i a  (6-306, 6-307, 6-308, 6-309, and 6-310).  

They a r e  taken commercially wi th  round h a u l  n e t s ,  g i l l  n e t s  

and beach s e i n e s .  They are s o l d  most ly  on t h e  f r e s h  f i s h  

marke ts ,  but  some are  used as c u t  b a i t  by commercial long 

l i n e  fishermen (6-311).  In  1976, t h e  t o t a l  C a l i f o r n i a  com

merc ia l  perch ca t ch  (comprised of v a r i o u s  s p e c i e s )  w a s  64,000 

Kg (141,000 l b )  (6-312).  

000230
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Schools o f  walleye su r fpe rch  d i s s i p a t e  i n t o  small  

mating F , : ~ O U ~ S(luring the per iod  from October through Decem

be r  (6-313) .  Each group c o n s i s t s  of 4 t o  10 females accom

panied by one male (6-314). Following a f i v e  o r  s i x  month 

g e s t a t i o n  p e r i o d ,  each female r e l e a s e s  from 5 t o  1 2  l i v e- -w 

young (about 4 0 n . L l L l  (6-315 and 6-316). Walleye reach  

_- -matur i ty  by t h e  end of t h e i r  f i r s t  w i n t e r  (6-317).  One y e a r
-

o l d  f i s h  measure from 90 t o  120 mm TL,  wh i l e  s i x  year  o l d  
z


-I_ 

i n d i v i d u a l s  vary from 150 t o  180 mm (6-318).  The maximum 

recorded age f o r  a male o r  female i s  s i x  years .  I n  g e n e r a l ,  

t h e  su r fpe rch  a r e  considered t o  be n o c t u r n a l  p r e d a t o r s ,  

feed ing  upon l a r g e  zooplankton and smal l  c rus t aceans  (6-319). 

The wal leye sur fperch  i s  widely d i s t r i b u t e d  from Van

couver I s l a n d ,  B r i t i s h  Columbia, t o  Santa  Rosa l i a  Bay, Baja 

C a l i f o r n i a  ( 6 - 3 2 0  and 6 - J 2 i j .  They u s u a l l y  occur over sand 

patches and among rocks wi th in  t h e  s u r f  zone. Often t h e s e  

f i s h  aggregate  i n  dense schools  ( 2  t o  2 . 5  m t h i c k )  comprised 

of s e v e r a l  hundred t o  s e v e r a l  thousand i n d i v i d u a l s  (6-322).  

6 .3 .4 .2 .19  Shiner  Surfperch (Cymatogaster aggrega ta ) .  I n  

C a l i f o r n i a ,  t h e  s h i n e r  su r fpe rch  i s  of l i t t l e  commercial 

va lue .  'Io a minor e x t e n t ,  i t '  i s  o c c a s i o n a l l y  taken as a 

b a i t  f i s h  (6-323).  A s  a s p o r t f i s h ,  i t  i s  caught by ang le r s  

on p i e r s  and o t h e r  s t r u c t u r e s ,  bu t  i t s  s m a l l  s i z e  makes i t  

of l i t t l e  r e c r e a t i o n a l  importance.  

The mig ra t ion  p a t t e r n s  of t h e  s h i n e r  are g e n e r a l l y  

a s s o c i a t e d  w i t h  i t s  breeding c y c l e .  The s p e c i e s  i s  a 

. . .  
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viv iparous  annual breeder  and mates inshore dur ing  the  

s p r i n g  and e a r l y  summer ( 6 - 3 2 4  and 6-325).  I n  s p r i n g ,  a d u l t  

females e n t e r  t h e  bays t o  g ive  b i r t h  and t o  mate.  Males 

mig ra t e  t o  t h e  breeding a r e a s  during s p r i n g  and summer. 

Af t e r  breeding has been concluded near  t h e  end of summer, 

a lmost  a l l  a d u l t  s h i n e r s  move out  of t h e  bays t o  ocean a r e a s  

(6 -326) .  Sperm i s  apparent ly  s t o r e d  by t h e  female su r fpe rch  

u n t i l  f a l l  o r  e a r l y  w i n t e r ,  when t h e  eggs undergo f e r t i l i z a 

t i o n .  Embryos a r e  r e t a i n e d  u n t i l  t he  fol lowing June o r  J u l y  

when they a r e  r e l e a s e d  i n  the  inshore  breeding areas (6-327).:, 

Males a r e  born mature,  and females become mature s h o r t l y  

a f t e r  b i r t h  (6-328).  Newborn f i s h  f i r s t  mate during t h e  
1 

s e v e r a l  months fol lowing t h e i r  b i r t h .  They grow r a p i d l y ,  

reaching  a d u l t  s i z e  during t h e i r  f i r s t  year.  The maximum 

r e p o r t e d  length  and age f o r  an i n d i v i d u a l  i s  178  IMU TL and 

4 y e a r s ,  r e s p e c t i v e l y  (6-329).  
L

The s h i n e r  su r fpe rch  i s  an omnivore which feeds  by 

p ick ing  around s t r u c t u r e s  and e e l g r a s s  beds.  Animals 

r epor t ed  from gut  a n a l y s i s  of t h i s  f i s h  inc lude  amphipods, 

anne l ids  and f i s h  eggs (6-330).  

The s h i n e r  sur fperch  ranges from Por t  Wrangle, Alaska,  

t o  Ensenada, Mexico, making i t  t h e  most widely d i s t r i b u t e d  

su r fpe rch  on t h e  west coas t  (6-331).  Although a euryhal ine  

s p e c i e s  occas iona l ly  observed i n  f r e shwa te r ,  t h e  s h i n e r  

i s  g e n e r a l l y  found around p i l i n g s ,  docks, e e l g r a s s  beds,  

shal low bay a reas  and t h e  s u r f  zone.  
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6 . 3 . 4 . 2 . 2 0  S t r i p e d  Mullet (Mugil cepha lus ) .  The s t r i p e d  

mul l e t  i s  of only minor commercial and r e c r e a t i o n a l  import

ance on t h e  C a l i f o r n i a  c o a s t ,  a l though i t  may be considered 

a good food f i s h  i n  o the r  a reas  (6-332). During 1976 ,  only 

1 ,360  Kg (3000 l b )  were landed commercially i n  C a l i f o r n i a  

(6-333).  

S t r i p e d  mul l e t  e x h i b i t  d e f i n i t e  p a t t e r n s  w i t h  r e s p e c t  

t o  seasonal  d i s t r i b u t i o n .  They move o f f s h o r e  i n  w i n t e r ,  

o f t e n  a g a i n s t  t h e  p r e v a i l i n g  c u r r e n t s ,  t o  spawn i n  waters 

t h a t  may be as  deep as  1500 m (6-334 and 6-335).  F e r t i l i 

z a t i o n  i s  accomplished e x t e r n a l l y ,  ova and sperm shed f r e e l y  

i n t o  the  water  (6-336).  The p e l a g i c  eggs h a t c h  i n  about two 

days and t h e  r e s u l t i n g  l a r v a e  d r i f t  from t h e  spawning 

grounds w i t h  t h e  p r e v a i l i n g  c u r r e n t s .  A t  a l e n g t h  of j u s t  

over 25 mm, young commence moving shoreward i n t o  bays and 

e s t u a r i e s  (6-337).  Larger young ( 5 0  t o  130 m) become abun

dant  i n  shallow w a t e r ,  school ing i n  e s t u a r i e s  and t h e  lower 

f r e shwa te r  zones.  By mid-summer, j u v e n i l e s  may t r a v e l  con

s i d e r a b l e  d i s t a n c e s  up r i v e r  sys t ems  o r  even mig ra t e  t o  sea 

and t r a v e l  a long t h e  coas t  t o  o t h e r  i n shore  systems (6-338). 

Mullet  r e g u l a r l y  ascend s lugg i sh  r i v e r s  and may be a b l e  t o  

complete t h e i r  e n t i r e  l i f e  cyc le  i n  f r e shwa te r  (6-339). I n  

g e n e r a l ,  however, s t r i p e d  mul l e t  can be found nearsltore i n  

t h e  s u r f  zone and c o a s t a l  a r e a s  throughout much of ;-.he y e a r .  

Age and s i z e  a t  ma tu r i ty  vary cons ide rab ly ,  de1)ending 

upon geographic  l o c a t i o n  (6-340).  Males (230 t o  531. mm FL) 
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mature at ages from 1 to 7 years, females (240 to 614 mm FL) 0_____-____/-__ 

from 2 to 8 years. 

Mullet undergo marked changes in feeding habits with 

development. The diet of larvae and young is essentially 

carnivorous, consisting primarily of copepods and other zoo

plankton (6-341). By the time they have reached a length of 

about 55 mm, young mullet have undergone a transition to a 

benthic grazing habit, which is characteristic of the adult 

fish. Organic detritus, bacteria, macroinvertebrates and 

algae make up most of this diet (6-342 and 6-343). 

The striped mullet is world-wide in distribution. It 

has been found in all warm seas along continents from 

approximately 42 degrees north to 42 degrees south latitude 

(6-344 and 6-345). Mullet have been reported in waters 

ranging from 0 to 75 ppt salinity but prefer temperatures 

above 16 C.  

6.3.4.2.21 California Sheephead (Pimelometopon pulchrum). 

The commercial fishery for the California sheephead has 

declined in recent years, reflecting a lack of consumer 

demand. Landings have decreased from 45,360 Kg (100,000lb) 

in 1948 t o  less than 3175 Kg (7000 lb) in 1956 (6-346). In 

1976, the commercial catch amounted to only 3623 Kg ( 6 - 3 4 7 ) .  

Recreational interest in this species has been significant. 

California party boat fishermen caught an average of 15,000 

fish per year during the period from 1950 to 1970 (6-348). 
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A peak ca t ch  of 53,000 f i s h  was recorded i n  1966. I n  1978 ,  

34,409 sheephead were landed on p a r t y  boa t s  ( 6 - 3 4 9 ) .  

No seasonal  movements have been r e p o r t e d  f o r  t h e  sheep-

head. Limbaugh (1955) r epor t ed  sheephead t o  be  s o l i t a r y  

wanderers,  never remaining long i n  one p l a c e  (6-350).  F i t c h  

(1958),  however, based on r e p o r t s  from s k i n d i v e r s ,  claimed 

t h a t  i t  w a s  s a f e  t o  assume t h a t  sheephead t rave l  ve ry  l i t t l e ,  

p a r t i c u l a r l y  as a d u l t s  (6-351). 

C a l i f o r n i a  sheephead probably f i r s t  spawn a t  four o r-
f 9 A e a r s  of age a t  a l eng th  of about 200 mm SL. Most 

2_1_ 

func t ion  as females f o r  t h e  f i r s t  fou r  y e a r s .  A t  a l eng th  

of about 310 mm some f i s h  may undergo a sexua l  t ransforma

t i o n  (6-352).  Warner (1975) sugges ts  t h a t  spawning occurs  a 

number of t i m e s  dur ing a s i n g l e  breeding season ,  probably 

occurr ing  i n  J u l y ,  August and September (6-353).  The eggs 

a r e  p e l a g i c  and are b e l i e v e d  t o  be f r e e - f l o a t i n g  (6-354 and 

6-355).  Young sheephead (about 13  mm) a r e  common from l a t e  

May through December. They l i v e  c l o s e  t o  rocks and around 

beds of gorgonian c o r a l s  ( sea  f a n s ) ,  and a t  depths  from 3 m 

( 9 . 8  f t )  t o  w e l l  below 30 m (98 f t )  (6-356 and 6-357).  A t  

_ _ _t w w a r s  of age sheephead a r e  from 152 t o  203 nm-i (6 t o  8-

i n . )  long.  Ind iv idua l s  can grow t o  t o t a l  l e n g t h s  of over 

800 mm (31.5 i n . ) .  The o l d e s t  sheephead recorded  was a 53 

year  o l d  male (6-358). 
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Adult sheephead feed upon a variety of organisms, 

including sea urchins, mussels, crabs, snails, squid, bryo

zoans, sand dollars and sea cucumbers ( 6 - 3 5 9 ) .  

In distribution, the California sheephead ranges from 

Cape San Lucas, Baja California, to Monterey, California 

( 6 - 3 6 0 ) .  They are generally confined to temperate waters 

( 6 - 3 6 1 ) .  In southern California, the species is commonly 

found among rocky shores and kelp beds at depths between 5 

and 50 m ( 6 - 3 6 2 ) .  

6 . 3 . 4 . 2 . 2 2  Giant Kelpfish (Heterostichus rostratus).-
Although taken by commercial fishermen in offshore kelp beds, 

giant kelpfish are of only minor commercial and recreational 

importance ( 6 - 3 6 3 ) .  Spawning occurs from March through 

July. The eggs are laid on various plants, including sar

gassum, kelp and surfgrass, being attached by means of adhe

sive threads. Males generally remain around the eggs to 

guard them from predators ( 6 - 3 6 4 ) .  Transparent post-larvae 

begin to appear from April through August, usually in 

shallow water at depths from 1.5 to 9 m (5 to 3 0  ft). Young 

kelpfish school until they begin to assume adult coloration 

patterns at a length of about 6 4  mm ( 2 . 5  in.). Adults are 

u s u a l l y  solitary in habit, living close among the seaweeds 

( 6 - 3 6 5 ) .  

Giant kelpfish are the largest of the clinoid blennies 

on t h e  California coast, reaching lengths of Q mm ( 2 4  in.)
-/'-c-----.l--- -_c 
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(6-366).  Their  d i e t  c o n s i s t s  mainly of small c r u s t a c e a n s ,  

b u t  small  f i s h  and mollusks may a l s o  be ea t en  (6-367).  

I n  d i s t r i b u t i o n ,  g i a n t  k e l p f i s h  range from B r i t i s h  Col

umbia t o  Cape San Lucas, Baja C a l i f o r n i a .  They are gener

a l l y  concent ra ted  i n  shallow wa te r ,  ou t  t o  depths  of 30 .5  m 

( 1 0 0  f t )  (6-368).  Kelpf ish a r e  common i n  a l g a e ,  k e l p  beds ,  

rocky t i depoo l s  and e e l g r a s s  beds i n  bays and lagoons (6

369) .  

6 . 3 . 4 . 2 . 2 3  C a l i f o r n i a  Hal ibut  (Pa ra l i ch thys  c a l i f o r n i c u s ) .  

The C a l i f o r n i a  h a l i b u t  i s  va luab le  t o  both t h e  commercial 

and r e c r e a t i o n a l  f i s h e r i e s .  It i s  an e x c e l l e n t  food f i s h .  

The g r e a t e s t  recorded c o m e r c i a l  ca t ch  of j u s t  over 2,000,000 

Kg (4,500,000 l b )  w a s  made i n  1919 (6-370). S ince  t h e n ,  

landings have f l u c t u a t e d  g r e a t l y ,  dropping t o  as low as 

seven percent  of t h i s  peak c a t c h  during some y e a r s .  I n  1976, 

landings  amounted t o  284,000 K g  (627,000 l b )  i n  C a l i f o r n i a  

(6-371). Most commercial f i s h i n g  i s  done w i t h  trammel n e t s  

and o t t e r  t r a w l s ,  i n  water  a t  depths g r e a t e r  t han  1 8 . 2  m 

(60  f t ) .  S ince  WWII, p a r t y  boa t  ang le r s  have made annual 

s p o r t  ca tches  ranging from 10 ,000  t o  150,000 i n d i v i d u a l s  

( 6 - 3 7 2 ) .  I n  1964, t h i s  s p e c i e s  w a s  ranked as t h e  second 

most important  s p o r t f i s h  taken  b y  p a r t y  boa t s  (6-373). In 

1 9 7 8 ,  5400 f i s h  were landed by C a l i f o r n i a  p a r t y  b o a t s  (6

.374). 

I n  s p r i n g ,  mature h a l i b u t  migra te  from deeper  o f f s h o r e  

Q) water  t o  sha l low a r e a s  nea r  t h e  coas t  t o  spawn (6-375).  
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A f t e r  spawning they r e t u r n  t o  deeper water  l e a v i n g  t h e  young 

behind.  Other than t h i s  seasonal  spawning m i g r a t i o n ,  they 

move very l i t t l e .  O f  more than 12,000 f i s h  tagged during a 

survey conducted over s e v e r a l  y e a r s ,  o n l y . a b o u t  10  percent  

of those  recovered had t r a v e l e d  more than a m i l e  from t h e  

p o i n t  of r e l e a s e  (6-376).  The C a l i f o r n i a  h a l i b u t  i s  ovipa

rous and spawns i n  water  6 t o  20 m deep from about  February 

t o  J u l y  (6-377).  Eggs a r e  p e l a g i c .  East  Coast  spec ie s  of 

t h e  genus a r e  r epor t ed  t o  take up a bottom dwell ing exis t 

ence almost immediately (6-378).  When they r each  a l eng th  

of approximately 200 mm (8 i n . ) ,  which co inc ides  wi th  t h e  

matura t ion  of t h e  males,  they emigrate  t o  deeper  water  (6

379).  Male h a l i b u t  a r e  mature i n  two t o  t h r e e  y e a r s ,  whi le  

t h e  f e m a k s  do n o t  spawn u n t i l  four  t o  f i v e  y e a r s  of age
..____l_l_l" ..-

(6-380) .  Females grow f a s t e r  and a t t a i n  l a r g e r  s i z e s  than 

males.  A l m o s t  a l l  f i s h  over 13 Kg (30 l b )  are  females ,  wi th  

the  record  i n d i v i d u a l  measuring 1500 mm (5  f t )  i n  l eng th  and 

weighing 32.4  Kg (71 l b )  (6-381).  They a r e  r e p o r t e d  t o  

a t t a i n  ages of a t  l e a s t  30 years  (6-382).  

C a l i f o r n i a  h a l i b u t  occur from t h e  Q u i l l a y u t e  River ,  

B r i t i s h  Columbia, t o  Magdalena Bay, Baja C a l i f o r n i a ,  bu t  a r e  

uncommon n o r t h  of San Franc isco .  They i n h a b i t  depths t o  

180 m and a r e  commonly found i n  bays and e s t u a r i e s  a long t h e  

c e n t r a l  and sou the rn  C a l i f o r n i a  coas t  (6-383).  
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6 . 3 . 4 . 2 . 2 4  s o r d i d u s ) .  Both 

t h e  speckled and P a c i f i c  sanddabs a r e  inc luded  i n  t h e  com

mercial  ca t ch  s t a t i s t i c s ,  y e t  t h e  P a c i f i c  sanddab comprises 

most of  t he  combined ca t ch  (6-384).  They are  an important  

f i s h  i n  t h e  f r e s h  f i s h  markets ,  e s p e c i a l l y  i n  t h e  San Fran

c i s c o  area. Commercial landings of sanddabs i n  C a l i f o r n i a  

have f l u c t u a t e d  between 2 2 6 , 7 9 6  and 907,184 Kg 

Only a small  percentage of t h e s e  w e r e  taken i n  

C a l i f o r n i a  waters  (6-385, 6-386, 6-387, 6-388, 

I n  1976, 586,124 Kg (1,293,872 lb) were landed 

(6-390) .  

P a c i f i c  sanddabs occur i n  water from 18 t o  

Pinkas (1977) observed t h a t  commercial ca t ches  a s o n a l  and r epor t ed  t h a t  -C .  so rd idus  does n o t  undergo any 

s i n c e  1 9 1 7 .  

southern  

and 6-389). 

i n  C a l i f o r n i a  

180 m deep. 

a r e  n o t  sea-

major seasonal  migra t ions  (6-391).  Pearcy (1978) , however, 

r e p o r t e d  t h e  sanddab t o  be more abundant i n  shal low water  

dur ing  the  summer months (6-392) .  

Spawning begins i n  J u l y  and cont inues  through Septem

b e r .  Evidence i n d i c a t e s  t h a t  females probably spawn more 

than once dur ing  t h i s  per iod  (6-393 and 6-394). Mature eggs 

are  s p h e r i c a l  (0 .5  t o  0 . 6  mm diameter)  and t r a n s p a r e n t ,  con--
t a i n i n g  a s i n g l e  o i l  g lobu le  (6-395).  P a c i f i c  sanddab 

mature i n  two t o  t h r e e y e a r s  a t  a l e n g t h  of about 165 rmn 
\ 4----. 

----I--

(6-396, 6-397, and 6-398). Females a r e  t y p i c a l l y  l a r g e r  

than males .  I n d i v i d u a l s  may grow t o  400 m and 1 Kg i n  8 t o  
/- _-

10 y e a r s .  Sanddabs f e e d  on p e l a g i c  c rus t aceans  and 30 n o t  
-/-
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appear  t o  e x h i b i t  benth ic  feeding h a b i t s .  These f i s h  gen

e r a l l y  feed i n  t h e  water  column a t  n i g h t  ( 6 - 3 9 9 ) .  

P a c i f i c  sanddab range from northwestern Alaska t o  Baja 

C a l i f o r n i a .  They a r e  most abundant i n  c e n t r a l  C a l i f o r n i a ,  

f r o m  Bodego Bay t o  Monterey Bay ( 6 - 4 0 0  and 6 - 4 0 1 ) .  These 

f i s h  p r e f e r  sandy o r  muddy bottoms. 

6 . 3 . 4 . 2 . 2 5  Speckled Sanddab (Ci thar ich thys  s t igmaeus) .  The 

speckled sanddab i s  no t  an important s p o r t  o r  commerical 

food f i s h  because of i t s  small  s i z e  ( 6 - 4 0 2 ) .  

The a d u l t s  appear  t o  be randomly d i s t r i b u t e d  throughout 

i t s  range during t h e  e n t i r e  year and e x h i b i t  no l a r g e - s c a l e  

mig ra t ions .  The spawning season begins  i n  A p r i l  and 

dec l ines  i n  September. Warm water  may t r i g g e r  t h e  spawning 

process .  The number of eggs spawned p e r  female ranges from 

4200 t o  30,800, depending on t h e  s i z e  of t h e  female.  The 

average female may spawn as many as t h r e e  t i m e s  i n  a season.  

Eggs a r e  p e l a g i c ,  t r a n s p a r e n t  and conta in  a s i n g l e  o i l  glob

ule. The l a r v a e  can occur  from the  s u r f a c e  t o  90 m but  most 

a r e  found from 25 t o  50 m deep ( 6 - 4 0 3 ) .  Many young l a r v a e  

occur  s e v e r a l  k i lome te r s  o f f shore  but  t h e s e  may be  c a r r i e d  

t o  sea  by c u r r e n t s  and may be l o s t  t o  t h e  popu la t ion  ( 6 - 4 0 4 ) .  

The l a r v a e  have a r e l a t i v e l y  long p e l a g i c  p e r i o d .  Major . 

recru i tment  i n t o  t h e  s e t t l e d  speckled sanddab popula t ion  i s  

from May t o  October.  The a d u l t s  fe'ed on a v a r i e t y  of prey 

spec ie s  c o n s i s t i n g  of most ly  c rus t acea  and l a r v a l  f i s h e s .  

The average l i f e  span i s  36 to&--msnths and t h e i r  s i z e
.--*.--

. , I 
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ranges from 25 to 150 mm. Individuals larger than 130 mm 

are  rare. Most speckled sanddabs are sexually mature in the 

second year of lifewhen the females reach a length of 70 to 
c___-


80 ITITXI ( 6 - 4 0 5 ) .  
.”------

Speckled sanddab range from Montague Island, Alaska, to 

Magdalena Bay, Baja California. Although reported from sand 

or mud bottoms at depths from 3 to 370 m, they are seldom 

taken below 60 m ( 6 - 4 0 6 ) .  Young juveniles (<1 year old) are 

most common at depths from 15 to 25 m ( 6 - 4 0 7 ) .  

6 . 3 . 4 . 2 . 2 6  Hornyhead Turbot (Pleuronichthys verticalis). 

Only since the 1950’s have turbot been marketed commercially 

in any quantity, and then primarily as mink food ( 6 - 4 0 8 ) .  

0 The low commercial turbot catch is due to their limited 

accessibility. They primarily inhabit shallow water within 

4 . 8  km of shore, where commercial trawling is prohibited 

( 6 - 4 0 9 ) .  In 1 9 7 6 ,  1 3 , 4 0 0  K g  ( 2 9 , 5 9 0  lb) of turbot were 

landed in California ( 6 - 4 1 0 ) .  Although their flesh is tasty 

and firm, they are not sought after by sportfishermen 

because of their smal’lsize. 

The hornyhead turbot has an extended spawning period 

from March to August ( 6 - 4 1 1 ) .  Their eggs are pelagic, 

spherical and average 1.07 m in diameter. Hatching occurs 

approximately 110 hours after fertilization, and the newly 

hatched larvae are about 3.2 mm long ( 6 - 4 1 2 ) .  
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Females are usually more numerous and larger than males 

( 6 - 4 1 3 ) .  The largest specimen on record measured 370 mm in 

length ( 6 - 4 1 4 ) .  

Hornyhead turbot are found from Point Reyes, California, 

to Magdalena Bay, Baja California ( 6 - 4 1 5 ) .  They are pri

marily a shallow water fish, although individuals have been 

taken in waters as deep as 187 m. 

6 . 3 . 4 . 2 . 2 7  Diamond Turbot (Hypsopsetta guttulata). Turbot 

are of only minor importance to the California comnercial 

fishing industry. They are primarily considered as inci

dental catch in normal fishing operations. Reported catches 

consist of the combined landings of diamond, spotted, horny-

head, C-0 and curlfin turbots. From 1973 to 1975 an average 

of only 12,000 Kg were taken annually ( 6 - 4 1 6 ,  6-417,and 6

418). In 1 9 7 6 ,  13 ,400  Kg of turbot were landed in Califor

nia ( 6 - 4 1 9 ) .  Diamond turbot are, however, an important 

recreational species. In California bays and sloughs, they 

are one of the most often caught fish by anglers. Mission 

Bay (San Diego) and Newport Bay (Newport Beach) yield very 

high catches year-round ( 6 - 4 2 0 ) .  

Diamond turbot probably do not make any significant 

seasonal migrations, indicated by their year-round abundance 

in sloughs, bays and calm coastal waters. Spawning occurs 

in early spring, when pelagic eggs are released ( 6 - 4 2 1 ) .  

Small yolk-sac larvae (2.2 m long) are pelagic for the 
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( i  1-s t. Icw la^:; , but t I ~ O Y  S O O I I  move toward the bottom t o  

a d o p t  51 I)cnthi(. h a b i t .  T h e s e  [ i s h  mature a t  two t o  t h r e e  

y r a r s  of: age and grow t o  a maximum size.  of 4 6 0  mm and 1 . 8  Kg 

( 6 - 4 2 2 ) .  Diamond tu rbo t  feed n o c t u r n a l l y  on va r ious  b e n t h i c  

i n v e r t e b r a t e s .  Clams and polychaetes  have been r epor t ed  as 

primary food sources  f o r  t h i s  spec ie s  ( 6 - 4 2 3  and 6 - 4 2 4 ) .  

Diamond t u r b o t  range from Cape Mendocino, C a l i f o r n i a ,  

t o  Cape San Lucas,  Baja C a l i f o r n i a .  They occur  a t  water  

depths  out  t o  45 m but  a r e  most abundant a t  depths  of less 

than 18 m ( 6 - 4 2 5 ,  6 - 4 2 6 ,  and 6 - 4 2 7 ) .  
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6 . 4  PLANKTON 

Monthly plankton c o l l e c t i o n s  were made i n  both t h e  near -

f i e l d  and f a r - f i e l d  during the  year  long study t o  e v a l u a t e  t h e  

abundance and d i s t r i b u t i o n  of c r i t i c a l  s p e c i e s .  

6 . 4 . 1  Abs t r ac t  and Summary 

Monthly plankton c o l l e c t i o n s  were made f o r  a yea r  o f f shore  

a t  f i v e  sampling s t a t i o n s  using 505p and 335p n e t s  a t t a c h e d  to a 

61 cm bongo n e t  sys t em.  Co l l ec t ions  were made monthly i n  t h e  

m i d d l e  and upper Agua Hedionda Lagoon segments and every two 

weeks i n  t h e  o u t e r  Agua Hedionda Lagoon segment f o r  a year  us ing  

ha l f -meter  plankton n e t s  ( 5 0 5 ~and 335~). Data f o r  each mesh 

s i z e  is  considered s e p a r a t e l y .  

Two mesh s i z e s ,  5 0 5 ~and 335p, were used i n  a l l  phases  of 

plankton s t u d i e s .  The 5 0 5 ~n e t s  were employed i n  o r d e r  t o  a l low 

comparison of t h e  r e s u l t s  of t h e  p r e s e n t  s tudy wi th  previous 

environmental  s t u d i e s  a t  Encina and wi th  C a l i f o r n i a  Cooperat ive 

Oceanic F i s h e r i e s  I n v e s t i g a t i o n s  (CALCOFI). The 3 3 5 ~n e t s  w e r e  

used i n  o rde r  t o  cap tu re  small  plankton forms ( e . g . ,  A c a r t i a  

tonsa)  and t o  a l low comparisons wi th  o t h e r  s tudy  r e s u l t s .  Data 

der ived  from the  two meshes r ep resen t  independent estimates of 

plankton abundances and a r e  no t  d i r e c t l y  comparable. While t h i s  

r e s u l t e d  i n  d i f f e r e n t  e s t ima tes  of s p e c i e s  abundances ( t h e  

smal le r  mesh n e t  g e n e r a l l y  g iv ing  a g r e a t e r  abundance e s t i m a t e  

because more organisms were captured  i n  t h e  sma l l e r  mesh) i t  

w i l l  c o n t r i b u t e  d a t a  f o r  comparison w i t h  any f u t u r e  r e s e a r c h .  

. i  00024126-80 



Ichthyoplankton (fish eggs and larvae) and other zooplankton 


were examined from all samples. One invertebrate copepod species 


(Acartia tonsa) and nine groups of ichthyoplankton (Engraulidae 


- anchovies, Atherinidae - smelt, Cottidae - sculpin, Serranidae 

- sea basses, Sciaenidae - croakers, Clinidae - kelpfish, 

Gobiidae - gobies, Bothidae - flatfish, Pleuronectidae - flat

fish) were examined in detail. 

Collections f r o m  the lagoon and offshore captured 123 inver

tebrate and 71 ichthyoplankton taxa. 


Invertebrate species comprised the vast majority of the 


plankton collections consisting of 85 (5051-1)
and98 (33511) percent 


of the total catch. Offshore, invertebrates comprised 95 (5051-1) 


and 99 (335~)percent of the catch, while in the lagoon they 


comprised 63 (505~)and 94 (335~1)percent. Average densities of 


invertebrate species offshore were 8,750 (5051-1
mesh) and 130,906 


(335p mesh) individuals per 100 m3 of water. 
 In the lagoon 


invertebrate densities were 1,016 (50511 mesh) and 30,558 (33511 

mesh) individuals per 100 m3 of water. 

Copepods were the most abundant invertebrate zooplankton 

species comprising 52 (505~)and 78 (3351-1)percent of the total 

plankton catch. They comprised 71 (50511) and 80 (33511)percent 

of the total plankton catch offshore and 10 (505~)and 74 (33511) 

percent of the total catch in the lagoon. All the major inverte

b r a t e  zooplankton groups (Table 6.4-8)were captured off  shore 

and in the lagoon.a 
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Ichthyoplankton species comprised 15 ( 5 0 % )  and 2 ( 3 3 5 , ~ )  

percent of the total plankton catch. Offshore they comprised 

five ( 5 0 5 , ~ )and one ( 3 3 5 , ~ )percent of the catch, while in the 

lagoon they comprised 37 ( 5 0 5 ~ )and 6 ( 3 3 5 ~ )percent of the 

catch. Offshore ichthyoplankton densities were 474 (50511) and 

7 2 8  (33511) per 100 m3 of water, while in the lagoon they were 

700 ( 5 0 5 ~ )  and 1 , 9 7 4  ( 3 3 5 ~ )per 100 m3 of water. Anchovy (En

graulidae) densities were 403 (50511) and 1 , 5 9 2  ( 3 3 5 ~ )larvae 

and/or eggs per 100 m3 in the lagoon catches. If anchovies 

are removed from catches, lagoon densities were 297 ( 5 0 5 ~ )  
and 383 (33511) per 100 m3 while offshore densities were 423  

( 5 0 5 ~ )and 718 ( 3 3 5 ~ )per 100 m3 . Greater densities of all 

species other than anchovies occurred offshore, and the off

shore,population included a greater variety of species. 

Anchovies were the most abundant ichthyoplankton species 

comprising seven (50511) and one ( 3 3 5 ~ )percent of the total 

plankton catch. Anchovies (Engraulidae) ranked number one in 

the lagoon collections comprising 24 ( 5 0 5 ~ )and 5 ( 3 3 5 ~ )percent 

of the catch. Offshore, anchovies ranked number four, compris

ing 0.1 ( 5 0 5 ~ )and 0 . 0 4  ( 3 3 5 ~ )percent of the total plankton 

catch. Croakers (Sciaenidae) ranked number one offshore, com

prising four (505,~)and 0 . 4  (33511) percent of the total plankton
I 

catch. 


Estimates of average instantaheous plankton numbers present 
in Agua Hedionda Lagoon ( 4 ~ 1 0 ~m3 water volume) were 5 . 5 ~ 1 07 

with 5 0 5 ~samples and 2.4~10’  with 3 3 5 ~samples. Estimates of 

000212-rE;
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instantaneous plankton numbers present for the offshore zone 

( 1 2 ~ 1 0 ~  f o r  505p samples andm3 water volume) were 6 . 8 ~ 1 0 ~  


3 .  l x l 0 l o  for 3 3 5 ~samples. These abundances are consistent with 

other studies conducted on plankton in southern California 

waters. 

Spatial distributions were described f o r  critical plankton 

species both offshore and in the lagoon. A number of the spe

cies (Acartia tonsa, Engraulidae, Atherinidae, Sciaenidae, 

Clinidae, and Gobiidae) were widespread and captured at all off

shore and lagoon stations. Three groups (Serranidae, Bothidae, 

Pleuronectidae) were more widespread at offshore stations than 

in the lagoon. The Cottids were sparsely scattered offshore and 

@ in the lagoon. 

Temporal plankton distributions were variable depending on 

species. A number of the groups studied (Acartia tonsa, Sciaeni

dae, and Clinidae) were collected throughout the year. Others 

were collected during only part of the year. 

Seasonal peaks in invertebrate populations occurred in 

spring, fall and winter offshore and in spring-early summer, 

fall and winter in the lagoon (examples shown in Figures 6.4-4 

and 6 . 4 - 5 ) .  Seasonal peaks in ichthyoplankton abundances 

occurred in spring, summer and fall offshore, and in spring and 

summer in the lagoon (examples shown in Figures 6.4-12 and 

6 . 4 - 1 4 ) .  Ichthyoplankton numbers were dominated by eggs. 

Overall plankton abundances were greater offshore than in 

0 the lagoon and most all lagoon species appeared to be origina
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ting of f shore  with the exception of a few lagoon species such 

as gobies  and anchovies (Anchoa sp.) . 

O Q Q 2 4 8
6-84 




0 6 . 4 . 2  Methodology 

Monthly s tud ie s  of plankton i n  the  v i c i n i t y  of the  Encina 

Power P lan t  were conducted a t  f i v e  of fshore  and s i x  lagoon s t a 

t i ons  (Figure 6 .4-1) .  Offshore plankton w a s  sampled using a 

bongo n e t  system, equipped w i t h  5 0 5 ~and 335~1mesh n e t s  (Figure 

6 . 4 - 2 ) .  Res t r i c t ions  imposed by l imi ted  working a r e a  and prac

t . icable  boat s i z e  necess i t a t ed  the u s e  of smaller  sampling gear 

f o r  lagoon c o l l e c t i o n s .  Lagoon samples were obtained using 

pa i red  0 . 5  m diameter plankton n e t s  (one 5 0 5 ~mesh; t h e  o t h e r ,  

335~1mesh). 

Plankton sampling was general ly  performed during the  day

l i g h t  hours .  However, some n igh t  co l l ec t ions  were a l s o  taken. 

A l l  plankton specimens were preserved f o r  subsequent laboratory 

ana lys i s  (Appendix B ,  Sect ion 16 .2 .6 ) .  Detai led methodologies 

f o r  a l l  plankton c o l l e c t i o n s  and processing a r e  given i n  Appen

d i x  R .  

e 

6 . 4 . 3  Rank Or.der - Abundance 

Rank orders  were compiled f o r  plankton abundance f o r  o f f 

shore and f o r  the  lagoon. The data  was compiled sepa ra t e ly  f o r  

t h e  5 0 5 ~and 33511 mesh ne t s  as  t he  smaller  mesh caught more of 

many organisms (Tables 6 .4 -1  and 6 . 4 - 2 ) .  Zooplankton spec ies  

ranked as  most abundant i n  near ly  a l l  samples.  Copepods pre

dominated w i t h  Acar t ia  tonsa being very abundant both of fshore  

and i n  the  lagoon (Tables 6 . 4 - 1  through 6 .4-6) .  Copepod:;, deca

pods, and o the r  crustaceans a l s o  ranked high on t h e  l i s t  (Tables 

Q) 6 . 4 - 1  a n d  6 . 4 - 2 ) .  Acar t ia  tonsa comprised 67 percent  of t he  

6-85 
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0 t o t a l  plankton catch i n  the  335p mesh ne ts  from of fshore  and t h e  

lagoon, and 1 2  percent of the  t o t a l  catch with 505p mesh n e t s .  

In  505p mesh n e t s ,  o ther  copepods, o ther  than Acar t ia  t o n s a ,  

ranked number one comprising 39 percent of t h e  t o t a l  ca t ch .  

Combined, a l l  copepods, including Acart ia  tonsa ,  comprised 52 .5  

percent  of the t o t a l  o f fshore  and lagoon 5 0 5 ~mesh ne t  catches 

and 78 percent of the 3 3 5 ~mesh ne t  ca tches .  Generally speaking, 

plankton abundances were four t o  f i v e  times g r e a t e r  of fshore  

than i n  the lagoon (Tables 6 .4 -3  through 6.4-6).  The smaller  

mesh n e t  (33511) caught approximately ten times the  number of 

organisms as the  50511 mesh n e t ,  al though the  spec ies  makeup of 

the catches was s i m i l a r .  T h i s  increase  i n  33511 mesh n e t  catches 

was g r e a t l y  influenced by Acar t ia  tonsa catches which w e r e  100 

times g r e a t e r  i n  t he  3 3 5 ~n e t s  than i n  the  50511 n e t  catches 

(Tables 6 . 4 - 1  and 6 . 4 - 2 ) .  T h i s  i s  t o  be expected as many Acar

e 
t i a  tonsa can pass through the  5 0 5 ~ 1n e t .  A q u a l i t a t i v e  a n a l y s i s  

was made of zooplankton c o l l e c t i o n s  t o  i d e n t i f y  ind iv idua l  

spec ies  within t h e  major groupings.  The taxonomic breakdown of 

the major groupings s tud ied  i s  given i n  Table 6 . 4 - 7 .  

Ichthyoplankton rank orders  (Table 6.4-1) f o r  50511 mesh 

ne ts  i d e n t i f i e d  anchovies (Engraulidae) as  most abundant f o l 

lowed by croakers (Sciaenidae) ,  sanddabs (Cithar ichthys s p ) ,  

gobies (Gobiidae),  and smelt  (Ather in idae) .  These same rankings 

were genera l ly  borne out i n  the  335p mesh n e t  col lect ion: ;  (Table 

6 . 4 - 2 ) .  Anchovies (Engraulidae) ranked number one i n  lazoon 

c o l l e c t i o n s  b u t  were number four  o f f shore .  Croakers (Sciaenidae)QD 
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TABLE 6 .4 -7  
SPECIES LIST OF ZOOPLANKTON TAXA COMPRISING 

THE MAJOR ZOOPLANKTON GROUPS+ EXAMINED 
ENCINA POWER PLANT - AUGUST 1, 1980 

OTHER COPEPODS INCLUDE: 


CALANOIDA 


Acartia negligens

Calanus s p 

E m u s  sp

Labidocera s p 

Lucicutia s p 

Pleuromamma cf robus-t a  

Rhincalanus spp


7Temora discaudata 
Tortanus discaudatus 
cf Valdiviella s p
Uniaentified Calanoid Copepods 

CYCLOPOIDA 


Oithona s p 

Unidentified Cyclopoid Copepods 


HARF'ACTICOIDA 


m i : :  Harpacticoid Copepods 


OTHER COPEPODS 


Porcellidium sarsi
-
Caligus clemensi 


MYSIDS INCLUDE: 


Mysidacea 


1. See Table 6 . 3 - 3  

000262
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TABLE 6 . 4 - 7  (Continued) 

DECAPOD LARVAE INCLUDE: 

NATANTIA 


Hippolytid mysis

Hi 01 te californiensis 

-hr imp

Sergestid mysis

Unidentified Natantia mysis 


REPTANTIA, ANOMURA 


Blepharipoda occidentalis zoea 

Callianassid mysis

Pagurid zoea & megalops

Porcellanid zoea 

Unidentified Anomuran zoea 


REPTANTIA, BRACHYURA 


Canceridae zoea 

Grapsidae zoea 

Majidae zoea 

Pinnotherid zoea 

Xanthid zoea 

LJnidentified Brachyuran zoea 


OTIIEK CRUSTACEA INCLUDE: 

OSTMCODA 


Cyprinidae

Unidentified Ostracods 


CIRRIPEDIA 


Cirripedia nauplius & cypis 

CLADOCERA 


EUPHAUSIACEA 
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TABLE 6 .4 -7  

OTHER CRUSTACEA (continued) 


ClMACEA 


Cumella sp A 

Lampropidae

Oxyurostylis 


Cumaceans
Unidentified 
pacifica 


ISOPODA 


Synidotea hartfordi 

m G w k e s i 

Iaotea cf gracillima
~~

Idotea resecata 
Sphaeromatidae
Paracerceis galliana
Cryptoniscidae 


AMPHIPODA 
Gitano sis vilordes-
Aori ae__ap__
Rudileniboides stenopropodus 


(Continued) 


-brasiliensis 
At lus tridens 
& i v 
Me aluro us longimerus
IT&&-
Ischyraceridae

Ischyrocerus sp

Lysianassidae

Oedicerotidae 

Monoculoides hartmanae 


Podocerus brasiliensis 

S tenothoidae 

Talitridae 

Tironidae 

Unidentified Gammaridae Amphipods

Caprcllidae 
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TABLE 6 . 4 - 7  (Continued) 

OTHER ZOOPLANKTON INCLUDE: 

POLYCHAETE 

Polynoidae
Amphinomidae
Phyllodocidae
Torno teris s p+ 
Nereidae 

Spionidae 


Armandia bioculata
~~ 

Terebellidae 


%$%%%i:! Polychaete Trochophores 


MOLLUSCA 

Acmaeidae 
Tricolia s p
C s p a d a c e a
M-a s p
Mitrella cardinata 
Navanax inermis 
Unidentitied GastroDoda Veligersu


Mytilidae 

Modiolus s p 

lschadium demissa 

Leptopecten Latiauritus 

Laevicardium substratum 

Cooperel1idae 

Tellina sp

Macoma sp 


OTHERS 

Hydrozoa

Siphonophora

P 1atyhelminthes 

Cyphonautes larvae for Membranipora

Actinotroch 

Echinodermata 

Echinopluteus

Asteropluteus 
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TABLE 6.4-7  (Concluded) 

OTHERS (continued) 


Ophiopluteus

Thaliacea 

0ikop1eura 

Tadpole larvae of Ascidian 


CHAETOGNATHS WERE NOT IDENTIFIED 
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0 	 were the number one ichthyoplankton species offshore (Tables 

6 . 4 - 3  and 6 . 4 - 4 ) .  Average plankton abundances were compiled for 

all groups for offshore and for the lagoon by compiling an aver

age of the year’s collections (Table 6..4-8). The basic data for 

all plankton collections for the various sample areas are given 

in Appendix Tables 16.3-1 through 16.3-8 by month and species. 

6 . 4 . 4  Invertebrate Zooplankton 

The only designated critical zooplankton species was the 

copepod, Acartia tonsa. Other groupings of zooplankton species 


were studied and are discussed in Section 6.4.6. 


6 . 4 . 4 . 1  Acartia tonsa. The calanoid copepod, Acartia tonsa, is 

widespread throughout the Pacific and Atlantic oceans and is a 

major f o o d  source for many larval fish.0 
6 . 4 . 4 . 1 . 1  Tc1:ipornl Distribution - Offshore. Diel distri

bution of Acartia tonsa at offshore stations was examined 

by day and night sampling in October. A Mann-Whitney U

test was utilized to examine any significant differences 

between day and night sampling. No significant differences 

were found (Table 6 . 4 - 9 )  for either 335~1mesh or 50511 mesh 


nets between day and night sampling at offshore stations. 


Temporal distribution offshore was examined utilizing hier


archical analysis (Section 16.2.7) . The data was c.)mpiled 

separately for the two mesh sizes ( 5 0 5 ~and 33511) oi 

plankton nets. Acartia tonsa was captured every mo:ith of 


the year offshore (Appendix Tables 16.3-9 and 16.3--0) 
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Table 6.4-8 
AVERAGE ABUNDANCES OF PLANKTON GROUPS COLLECTFD 

IN AGUA HEDIONDA LAGOON AND OFFSHORE AREAS 
ENCINA POWER PLANT - AUGUST 1, 1980 

~~ ~~ 

-33511 Mesh Estimates 
Lagoon Offshore 

6 .  6x107 8 .  4x107 
8 .  4x106 3 .  2 X 1 O 6  

~~~~ 

505p Mesh Estimates 
Lagoon Offshore 

7 72 . 6 ~ 1 0  1 . 3 ~ 1 0  
9 .  Ox105 1.6x105 

2 .  7x107 1.3x107 

8 .  3x106 5 .  3x107 
4 .  4x106 4 ,  7x108 
1.1x106 8.  3x107 
2 . 5 ~ 1 0  3 .  3x1056 
8 .  8x106 3.oX1o7 

5 66 . 6 ~ 1 0  4 . 3 ~ 1 0  
2 .  4x106 2 .9x107 

72 . 8 ~ 1 0  6 .  7x108 

85 . 5 ~ 1 0 ~  6 . 8 ~ 1 0  

Plankton Group 


Fish eggs 
F i s h  larvae 

7Total Ichthyoplankton 7 . 5 ~ 1 0  8 .  7x107 

Other crustacea 6 . 7 ~ 1 0 ~  1.8~10’ 
Copepods 9 .  iX1o7 
Acartia tonsa 1 .4x109 _..._ 

h
EIys i.ds 4.6x10 
Dec ;Ip 13 ds  1.OxlOS 
Chaetognaths 9.9x106 
Other zooplankton 3.9x107 

Total Invertebrates 5.  7x108 

TOTAL PLANKTON 2 . 4 ~ 1 0 ’  

-

1 . 9 ~ 1 0 ~  
1 . l X l O  lo 

71 . 5 ~ 1 0  
1.2xlO8 

1.OxlO8 
89 . 5 ~ 1 0  
101 . 6 ~ 1 0  

3 . 1 ~ 1 0lo 

m33- Offshore zone ( 1 2 ~ 1 0 ~  volume) - See Section 5.0. 
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TABLE 6 . 4 - 9  
SUMMARY OF STATISTICAL ANALYSES 
OF 'DIURNAL PLANKTON ABUNDANCES 

ENCINA POWER PLANT - AUGUST 1, 1980 

~~ 

Middle & 
Offshore Outer Lagoon Inner Lagoon 

Species 335u 5051~ 335IJ 5051~ 3351~ 50511 

Fish spp. NS NS NS s ti- s tt NS 

Other zooplankton NS NS NS NS NS NS 

Other crustaceans NS NS s t t  s tt s t f  NS 

Copepo da NS NS s t-t S t t NS NS 

Acart iL-i tonsa s -t NS s tt s tt s ti- NS 

Ivlysidacea NS s .I--t s tt S ti- NS NS 

Decapoda NS NS s i-t S t t NS NS 

Chaetognatha s t.t s i t  NS S tt NS s tt 

U-test) 
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i n d i c a  ti.ng v c a r - r o u n d  abundance. Peak abundances occurred 

i n  spr ing  and f a l l  (Figures 6 . 4 - 3  and 6 . 4 - 4 ) .  The g r e a t e s t  

abundance f o r  a l l  sampling per iods of fshore  occurred i n  

March when the  3 3 5 p  mesh n e t  yielded abundance es t imates  

f o r  A.-~tonsa of 4 1 2 , 5 4 8 / 1 0 0  m 3 (Appendix Table 1 6 ; 3 - 1 ) .  

6 . 4 . 4 . 1 . 2  S p a t i a l  D i s t r i b u t i o n  - Offshore.  Acar t ia  tonsa  

d i s t r i b u t i o n  was widespread o f f shore .  They w e r e  captured 

i n  la rge  numbers a t  a l l  o f fshore  s t a t i o n s .  Abundance w a s  

g r e a t e r  of fshore  than i n  t h e  lagoon, but copepods w e r e  

abundant everywhere (Appendix Tables 1 6 . 3 - 1 1  and 1 6 . 3 - 1 2 )  . 

6 . 4 . G . 1 . 3  Temporal D i s t r ibu t ion  - Lagoon. D i e l  d i s t r i b u 

t i o n  of Acar t ia  tonsa was examined i n  October from day and 

n igh t  sampling i n  the  lagoon. S ign i f i can t  d i f f e rences  w e r e  

found i n  a l l  t e s t s  f o r  t he  two mesh s i z e s  except f o r  5 0 5 p  

mesh samples i n  the  middle and upper lagoon (Table 6 . 4 - 9 ) .  

-Nighttime samples cons is ted  of nore A .  tonsa than daytime 

. samples. 

Monthly c o l l e c t i o n s  i n  t h e  lagoon captured A .  tonsa-
every month of t he  yea r .  Peak abundances occurred i n  

spr ing  and f a l l  (Appendix Tables 1 6 . 3 - 1 3  and 1 6 . 3 - 1 4 ;  Fig

ures 6 . 4 - 5  through 6 . 4 - 1 0 ) .  The g r e a t e s t  abundance occur

r e d  i n  the  upper lagoon i n  June ( 2 3 2 , 4 9 6 / 1 0 0  m3) (Figure 

6 . 4 - 1 0 ) .  Abundances were g r e a t e s t  i n  t h e  335p mesh n e t  

catches a s  previously d iscussed  (Appendix Tables 1 6 . 3 - 3  

through 1 6 . 3 - 8 )  . 
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6 . 4 . 4 . 1 . 4  S p a t i a l  Dis t r ibu t ion  - Lagoon. Acar t ia  tonsa 

was captured i n  a l l  t h ree  sec t ions  of Agua Hedionda Lagoon. 

All concentrat ions of A ,  tonsa i n  t h e  t h r e e  sec t ions  of t h e  

lagoon were q u i t e  l a rge  and a r e  i n d i c a t i v e  of the  wide

spread d i s t r i b u t i o n  and 'abundance of t h i s  spec ies  through

o u t  the s t u d y  a r e a .  The outer  area of t he  lagoon cont r ib

uted the  intermediate  average abundance level (11,095/ 

100 m 3) f o r  A .  tonsa .  The middle a rea  had t h e  lowest aver

age abundance ( 4 9 6 2 / 1 0 0  m') and the  upper a rea  had the  
g r e a t e s t  average abundance ( 4 6 , 7 4 6 / 1 0 0  m3 ) l e v e l s  (Appendix 

Tables 1 6 . 3 - 3 ,  1 6 . 3 - 5 ,  and 16 .3-7) .  

Ver t i ca l  d i s t r i b u t i o n  of plankton organisms i n  t h e  

lagoon was examined by sampling a t  5 ,  10 and 15 foot depths 

on seve ra l  d a t e s .  The r e s u l t s  of each taxonomic group w e r e  

compared using t h e  Kruskal-Wallis non-parametric t e s t  (6

4 2 8 ) .  The r e s u l t s  of these  t e s t s  on the  v e r t i c a l  d i s t r i b u 

t i o n  of  plankton organisms i n  the 1agoon.showed t h a t  a t  t he  

9 5  percent confidence i n t e r v a l  l e v e l ,  t h e r e  were no s i g n i f i 

cant d i f fe rences  between catches of a l l  plankton groups 

w i t h  depth (Table 6 . 4 - 1 0 ) .  The shallow depths of t he  

lagoon and t h e  t i d a l  mixing appear t o  provide a homogenous 

mixture of plankton i n  lagoon waters .  

6 . 4 . 5  Ichthyoplankton ( F i s h  Eggs and Larvae) 

Individuals  of n ine  major fami l ies  of f i s h  spec ies  qere 

designated a s  c r i t i c a l  species  f o r  ichthyoplankton s t u d i 2 s .  

6 These groups included s i x  i d e n t i f i e d  spec ies  from four  f m i l i e s  
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TABLE 6.4-10 

RESULTS OF KRUSKAL-WALLIS TEST (H) TO DETERMINE 

IF THERE WAS A SIGNIFICANT ( S T G )  DIFFERENCE (=0.05) IN 
PLANKTON VERTICAL DISTRIBUTION IN AQUA HEDIONDA LAGOON 

ENCINA POWER PLANT - AUGUST 1, 1980 

Taxonomic Group 

F i sh  


Fish  eggs 


Acar tia tonsa 


O t h e r  copepods 


Chaetognaths 


Mysidacea 


Decapods 


Other c rus tacea  


Other zooplankton 


335p n e t  505~1n e t  
( H I  (HI (SIG) 

0.13 No -3.05 No 

2.6 No 0.94  NO 

2.065 No 1.815 No 

1.14 No 1.22 No 

1.021 No 1.858 No 

5.901 No 2.725 No 

0.615 No 1.86 No 

1.693 No 0.05 No 

0.09 No 2.175 No 
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(b 	 and t h e  remaining f ami l i e s  were t r e a t e d  as groups.  I n  many 

c a s e s ,  i t  i s  d i f f i c u l t  t o  i d e n t i f y  eggs and young l a r v a e  t o  

lower taxonomic l e v e l s  than family.  The n ine  f a m i l i e s  a r e  d i s 

cussed below. 

- -._ _.._..6 . 4 . 5 . 1  EnLraulidae. Three major species of engraul ids  a r e  

common i n  t.hc2 a rea  and were examined i n  the  s tudy:  nor thern  

anchovy (Engraulis mordax), deeybody anchovy (Anchoa compressa), 

and slough anchovy (Anchoa d e l i c a t i s s i m a ) .  

6 . 4 . 5 . 1 . 1  Temporal D i s t r ibu t ion  - Offshore.  D i e l  d i s t r i 

bu t ion  of ichthyoplankton spec ies  a t  o f f shore  s t a t i o n s  was 

examined by day and n i g h t  sampling i n  October. A Plann-

Whitney U-test was u t i l i z e d  t o  examine any s i g n i f i c a n t  d i f 

ferences between day and n igh t  sampling. No s i g n i f i c a n t  

d i f f e rences  were found (Table 6.4-9) f o r  e i t h e r  3 3 5 ~mesh 

o r  5 0 5 ~ 1mesh n e t s  between day and n i g h t  sampling a t  o f f 

shore s t a t i o n s .  

Engraulid eggs were c o l l e c t e d  o f f shore  during a l l  

months except February,  August and September, i n d i c a t i n g  

spawning occurs during most of t he  y e a r  (Appendix Tables 

16.3-15 and 1 6 . 3 - 1 6 ) .  Larvae were c o l l e c t e d  during a l l  

months except October,  November and December (Appendix 

Tables 16 .3 -17  and 16 .3 -18) .  Anchoa s p  eggs w e r e  n ly  co l 

l e c t e d  i n  May o f f s h o r e .  

Seasonal ly ,  eggs were most abundant i n  s p r i n g  (Apri l -

June ) .  Larvae w e r e  most abundant i n  win te r  and eai ly 
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sp r ing  (January through A p r i l ) .  Eggs and l a rvae  were not  

taken i n  l a t e  f a l l  (October, November, December) months 

(Appendix Tables 16.3-15 through 16.3-18). This i s  the  

time of year when anchovies migrate  of fshore  (Sect ion 

6 . 3 . 4 . 2 ) ,  which could explain t h e i r  absence from samples i n  

l a t e  f a l l .  If  spawning did occur during t h i s  t i m e ,  i t  may 

have taken place ou t s ide  the  study a r e a .  

6 .4 :5 .1 .2  S p a t i a l  D i s t r ibu t ion  - Offshore.  Anchovy eggs 

and l a rvae  were taken a t  a l l  o f f sho re  s t a t i o n s  (Appendix 

Tables 16.3-19 through 16.3-22) .  Anchoa s p  eggs were taken 

a t  t he  nearshore s t a t i o n s  (C-25, G-25; Figure 6 . 4 - 1 ) .  

Engraul is  mordax eggs were taken a t  all offshore  s t a t i o n s ,  

as  w e r e  engraul id  l a rvae .  This i s  commensurate with t h e  

widespread d i s t r i b u t i o n  and abundance of anchovies offshore.  

6 . 4 . 5 . 1 . 3  Temporal D i s t r i b u t i o n  - Lagoon. D i e l  d i s t r i b u 

t i o n  of ichthyoplankton spec ies  a t  lagoon s t a t i o n s  w a s  

examined by day and n i g h t  sampling i n  October. A Mann-

Whitney U-test  was u t i l i z e d  t o  examine any s i g n i f i c a n t  d i f 

ie rences  between Jay and n ight  sampling. .  No s i g n i f i c a n t  

d i f f e rences  were found (Table 6 . 4 - 9 )  f o r  ou te r  lagoon 3351~ 

o r  middle and upper lagoon 505r.l mesh n e t s  between day and 

n i g h t  sampling. However, s i g n i f i c a n t  d i f f e rences  were 

found i n  the  o u t e r  lagoon with 5051~mesh and i n  the  upper 

and middle lagoon with 3 3 5 ~mesh n e t s .  Where s i g n i f i c a n t  
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d i f f e rences  were found, the  n ight t ime samples  captured more 

than t h e  daytime samples. 

Eggs were c o l l e c t e d  i n  t h e  lagoon from March through 

August (Appendix Tables  16.3-23 and 16.3-24) .  Larvae were 

c o l l e c t e d  from January through J u l y  (Appendix Tables 16.3

25 and 16.3-26) .  No eggs o r  la rvae  were taken dur ing  f a l l  

- -and win te r .  The deepbody ( A .  compressa) and s lough ( A .  

de l i ca r i s s ima)  anchovies were most common i n  t h e  lagoon.-

The deepbody spawns i n  spr ing  and sunmer (Sec t ion  6 . 3 . 4 . 2 )  


which would coincide with temporal d i s t r i b u t i o n  i n  the  

lagoon. Peak abundanc.es occurred i n  May and June (Appendix 

Tables 16.3-3 through 16.3-8) .  I n  a d d i t i o n ,  some Engraul is  

mordax spec ies  were taken .  Movement of E .  mordax i n t o  t h e-
lagoon from o f f s h o r e  c o u l d  explain t h e  presence of anchovy 

l a rvae  i n  e a r l y  s p r i n g .  

6 .4 .5 .1 .4  S p a t i a l  D i s t r i b u t i o n  - Lagoon. Anchovy eggs and 

l a rvae  were c o l l e c t e d  a~1a l l  s t a t i o n s  i n  the  o u t e r  lagoon. 

They were most abundant a t  t h e  s t a t i o n  (AHL 3) connecting 

the  ou te r  a r ea  wi th  the o the r  po r t ions  of t h e  lagoon (Fig

u re  6 .4-1) .  

Anchovy eggs were c o l l e c t e d  i n  the  middle lagoon, bu t  

no  l a rvae  were captured i n  plankton c o l l e c t i o n s  i n  t h e  

m i d d l e  lagoon (Appendix Tab les  16.3-19 through 16.3-22) .  

I n  t h e  upper lagoon,  anchovy eggs and l a r v a e  ~ 2 r ecol

l e c t e d  a t  both s t a t i o n s .  Aiichoa s p  eggs were abundsnt i n  

the upper lagoon (Appendix Tables 16 .3-19  through 13 .3 -22 )  . 
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Vert ical  d i s t r i b u t i o n  wi th in  t h e  lagoon w a s  d i f f i c u l t  

t o  examine due t o  shallow depths  i n  many por t ions  of t h e  

s tudy area.  The ex ten t  of v e r t i c a l  d i s t r i b u t i o n  was 

examined i n  the deeper a r e a s  of t h e  o u t e r  lagoon and found 

t o  be i n s i g n i f i c a n t ,  i n d i c a t i n g  no v e r t i c a l  s t r a t i f i c a t i o n  

of species  w i t h i n  t h e  lagoon water column ( see  Sec t ion  

6 . 4 . 4 . 1 . 4 ) .  

6 .4 .5 .2  Ather in idae ,  Ather in id  spec ie s  common i n  t h e  s tudy 

a rea  inc lude  C a l i f o r n i a  grunion (Leuresthes t e n u i s ) ,  topsmelt  

(Atherinops a f f i n i s )  , and jacksmelt  (Atherinopsis  c a l i f o r n i 

e n s i s ) .  Grunion bury t h e i r  eggs i n  t h e  sand i n  t h e  i n t e r t i d a l  . 

zone; t h e r e f o r e ,  o n l y  t h e i r  l a r v a e  would be a v a i l a b l e  t o  plank

ton c o l l e c t i o n s .  Topsmelt eggs a t t a c h  t o  k e l p  and a lgae  as do 

jacksmel t ,  so  these  were no t  expected t o  be captured .  

6 . 4 . 5 . 2 . 1  Temporal D i s t r i b u t i o n  - Offshore.  No Ather in id  

eggs w e r e  c o l l e c t e d  o f f shore  during t h e  y e a r  (Appendix 

Tables 16.3-15 and 16.3-16) .  D i e l  d i s t r i b u t i o n  of ichthyo

plankton spec ie s  a t  o f f shore  s t a t i o n s  w a s  examined by day a 

and n i g h t  sampling i n  October. A Mann-Whitney U-test w a s  

u t i l i z e d  t o  examine any s i g n i f i c a n t  d i f f e r e n c e s  between day 

and n i g h t  sampling. No s i g n i f i c a n t  d i f f e r e n c e s  were found 

(Table 6.4-9) f o r  e i t h e r  33511 mesh o r  5 0 5 ~ 1mesh n e t s  

between day and n igh t  sampling a t  o f f s h o r e  s t a t i o n s .  

Ather in id  l a rvae  w e r e  c o l l e c t e d  o f f s h o r e  from January 

through June and i n  November. None w e r e  taken from J u l y  
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through October, o r  i n  December (Appendix Tables 16.3-17 

and 16.3-18) .  T h i s  coinci-des w i t h  the  repor ted  win ter -

spr ing  spawning per iod .  

Capture of l a rvae  i n  winter  and spr ing  and l ack  of any 

captures i n  summer and f a l l  probably ind ica t e s  growth of  

l a rvae  t o  a s i z e  ab le  t o  avoid plankton n e t s  by summer. 

T h i s  could a l s o  i n d i c a t e  movement. inshore or  i n t o  t h e  

lagoon, o r  i n  the  case of smelt s p e c i e s ,  perhaps mavement 

t o  t he  kelp beds (a  f a v o r i t e  h a b i t a t )  f o r  p r o t e c t i o n .  This 

would make them unavai lable  t o  plankton t o w s  i n  open water .  

6 . 4 . 5 . 2 . 2  Spa t i a l  D i s t r ibu t ion  - Offshore.  Atherinid eggs 

were not  taken (see Sec t ion  6 . 4 . 5 . 2 ) ,  but la rvae  w e r e  taken 

a t  a l l  offshore s t a t i c n s  (Appendix Tables 16.3-19 through 

1 6 . 3 - 2 2 ) .  They were equal ly  abundant a t  a l l  s t a t i o n s ,  dem

ons t r a t ing  t h e i r  widespread d i s t r i b u t i o n  and abundance i n  

the  study a r e a .  

6 . 4 . 5 . 2 . 3  Temporal D i s t r i b u t i o n  - Lagoon. Diel  d i s t r i b u 

t i o n  of ichthyoplankton species  a t  lagoon s t a t i o n s  w a s  

examined by d a y  and n ight  sampling i n  October. A Mann-

Wtiitney U-test  was u t i l i z e d  t o  examine any s i g n i f i c a n t  d i f 

ferences between day and n igh t  sampling. No s i g n i f i c a n t  

d i f fe rences  were found (Table 6 . 4 - 9 )  f o r  ou te r  lagc.on 3 3 5 ~  

mesh o r  middle and upper lagoon 5 0 5 ~mesh n e t s  b e t t e e n  day 

and n ight  sampling. However, s i g n i f i c a n t  d i f f e rences  were 

found i n  the  outer  lagoon with 5 0 5 ~ 1mesh and i n  tht upper 
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and middle lagoon w i t h  33511 mesh n e t s .  Where s i g n i f i c a n t  

d i f f e rences  were found, the  night t ime samples captured more 

than the daytime samples. The d i f f e rences  t h a t  were 

observed on fwo occasions (Table 6 . 4 - 9 )  i n  t h i s  study 

between day and n ight  c o l l e c t i o n s  a r e  most l i k e l y  a t t r i b u 

t a b l e  t o  pa tch iness ,  n e t  avoidance i n  daytime versus  n i g h t ,  

and perhaps a concentrat ion of f i s h  l a r v a e  near  t h e  su r face  

(sampling zone) a t  n i g h t .  

Ather in id  larvae were co l l ec t ed  i n  t h e  lagoon during 

a l l  months except August and September (Appendix Tables 

16.3-25 and 16.3-26).  They appear t o  be year-round r e s i 

dents w i th in  t h e  lagoon, with peak abundances i n  spr ing  and 

e a r l y  summer. 

6 . 4 . 5 . 2 . 4  S p a t i a l  D i s t r ibu t ion  - Lagoon. Atherinids  were 

c o l l e c t e d  a t  a l l  strations i n  the  ou te r  lagoon. Topsmelt 

w e r e  i d e n t i f i e d  from t w o  s t a t i o n s  (AHL-1, AHL-3) .  Due t o  

s i m i l a r i t y  of appearance of t he  a t h e r i n i d  s p e c i e s ,  smaller-

s i zed  l a rvae  cannot always be i d e n t i f i e d  t o  s p e c i e s .  

Ather in ids  were c o l l e c t e d  from the  middle lagoon and 

from both s t a t i o n s  i n  the  upper lagoon. They were wide 

spread wi th in  the  lagoon s y s t e m .  They probably spawn i n  

the lagoon, a t t a c h i n g  eggs i n  the  e e l g r a s s  beds.  

Ver t i ca l  d i s t r i b u t i o n  wi th in  t h e  lagoon was d i f f i c u l t  

t o  examine due t o  shallow depths i n  many por t ions  of t h e  

s t u d y  a r e a .  T h e  ex ten t  of v e r t i c a l  d i s t r i b u t i o n  was 

examined i n  t h e  deeper a reas  of t h e  o u t e r  lagoon and found 



to be insignificant, indicating no vertical stratification 


of species within the lagoon water column (see Section 


6 . 4 . 4 . 1 . 4 ) .  

6 . 4 . 5 . 3  Cottidae. Two cottid species were collected in nekton 

collections. Staghorn sculpin (Leptocottus armatus) and cabezon 

(Scorpaenichthys marmoratus). Identification of cottid larvae 

i s  difficult. A number of different types are recognized, but 

their species identification is unknown. Two types of cottid 

larvae were identified in plankton collections (cottid type 1 

and cottid type  7; unpublished key). Others were includzd under 

Family Cottidae. 

6 . 4 . 5 . 3 . 1  Temporal Distribution - Offshore. Diel distri

bution of ichthyoplankton species at offshore stations was 

examined by day and night sampling in October. A Mann-

Whitney U-test was utilized to examine any significant dif

ferences between day and night sampling. No significant 

. 	 differences were found (Table 6 . 4 - 9 )  for either 3 3 5 ~mesh 

or 505v mesh nets between Jay and night sampling at off

shore stations. 

No cottid eggs were taken in collections. Most cottid 

species have demersal and/or adhesive eggs ,  so they would 

not be expected to be captured in plankton nets. Cittid 

larvae were collected in February, March, May, August, Sep

tember and December (Appendix Tables 16.3-17 and 16.3-18), 

indicating presence of some type of cottid larvae diring 
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a l l  seasons of fshore  (Appendix Tables 16 .3-1  and 16 .3-2) .  

They were most abundant i n  August and September. 

6 . 4 . 5 . 3 . 2  S p a t i a l  D i s t r ibu t ion  - Offshore.  Cot t id  l a rvae  

were only co l l ec t ed  a t  t h r e e  s t a t i o n s  o f f shore  (C-25, G-25 

and A-50). None were co l l ec t ed  a t  s t a t i o n  A-25 o r  F-50. 

Co t t id  la rvae  ranked i n  t h e  l o w e s t  20 percent  i n  terms of 

abundance f o r  plankton spec ies  of fshore  (Tables 6.4-3 and 

6 . 4 - 4 ) .  In  l i g h t  of t he  small  numbers taken ,  t h e i r  l i m i t e d  

d i s t r i b u t i o n  of fshore  i s  not  unusual.  

6 . 4 . 5 . 3 . 3  Temporal D i s t r i b u t i o n  - Lagoon. D i e l  d i s t r i b u 

t i o n  of ichthyoplankton spec ies  a t  lagoon s t a t i o n s  was 

examined by day and n igh t  sampling i n  October.  A Mann-

Whitney U-test  was u t i l i z e d  t o  examine any s i g n i f i c a n t  d i f 

ferences between day and n igh t  sampling. No s i g n i f i c a n t  

d i f f e rences  were found (Table 6.4-9) f o r  o u t e r  lagoon 335p 

mesh o r  middle and upper lagoon 505u mesh n e t s  between day 

and n igh t  sampling. However, s i g n i f i c a n t  d i f f e rences  were 

found i n  the  o u t e r  lagoon with 50511 mesh and i n  the  upper 

and middle lagoon w i t h  3 3 5 ~mesh n e t s .  Where s i g n i f i c a n t  

d i f f e rences  were found, t h e  n igh t  samples captured more 

than the  daytime samples. The d i f f e r e n c e s  t h a t  w e r e  

observed on two occasions (Table 6.4-9) i n  t h i s  study 

between day and n igh t  c o l l e c t i o n s  a r e  most l i k e l y  a t t r i b u t 

a b l e  t o  pa t ch iness ,  avoidance i n  daytime versus  n igh t  and 
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perhaps a concentrat ion of f i s h  l a rvae  near  t h e  su r face  

(sampling zone) a t  n i g h t .  

Cot t id  l a rvae  were captured i n  t h e  lagoon from March 

through Ju ly  and during September and December. Spring and 

f a l l  c o l l e c t i o n s  would i n d i c a t e  both spr ing  and summer 

spawning. Peak abundances occurred i n  June and J u l y  

(Appendix Tables 16 .3 -3  through 16 .3-8) .  

6 . 4 . 5 . 3 . 4  S p a t i a l  D i s t r i b u t i o n  - Lagoon. Co t t id s  were 

most abundant i n  the ou te r  lagoon (Appendix Tables 16.3-3 

through 1 6 . 3 - 8 ) .  They were captured a t  a l l  s t a t i o n s  i n  t h e  

o u t e r  lagoon. No c o t t i d  l a r v a e  were c o l l e c t e d  i n  t h e  

middle lagoon. Cot t ids  were c o l l e c t e d  from one s t a t i o n  i n  

t h e  upper lagoon (Appendix Table 1 6 . 3 - 2 1 ) ,  where they w e r e  

f a i r l y  abundant. 

V e r t i c a l  d i s r r i b u t i o n  w i t h i n  t h e  lagoon w a s  d i f f i c u l t  

t o  examine due t o  shallow depth i n  many por t ions  of t h e  

s tudy a r e a .  The ex ten t  of  v e r t i c a l  d i s t r i b u t i o n  w a s  

examined i n  the deeper a reas  of the  o u t e r  lagoon and found 

t o  be i n s i g n i f i c a n t ,  i n d i c a t i n g  no v e r t i c a l  s t r a t i f i c a t i o n  

of spec ie s  wi th in  the  lagoon water  column (see  Sec t ion  

6 . 4 . 4 . 1 . 4 ) .  

6 . 4 . 5 . 4  Serran idae .  Severa l  Se r ran id  spec ie s  w e r e  common i n  

nekton c o l l e c t i o n s  i n  t h e  s tudy area.  These included:  I.elp 

bass (Paralabrax c l a t h r a t u s )  , s p o t t e d  sand bass  (Para1abi.m

-macula tofasc ia tus)  , and bar red  sand bass  (Paralabrax neb i . l i f e r )  . 
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6 . 4 . 5 . 4 . 1  Temporal D i s t r i b u t i o n  - Offshore.  D i e l  d i s t r i - 0 
but ion  of ichthyoplankton spec ie s  a t  o f f s h o r e  s t a t i o n s  w a s  

examined by day and n igh t  sampling i n  October.  A Mann-

Whitney U-test w a s  u t i l i z e d  t o  examine any s i g n i f i c a n t  d i f 

fe rences  between day and n i g h t  sampling. No s i g n i f i c a n t  

d i f f e rences  w e r e  found (Table 6.4-9) f o r  e i t h e r  33511 mesh 

o r  5051~mesh n e t s  between day and n i g h t  sampling a t  o f f 

shore  s t a t i o n s .  

Kelp bass was i d e n t i f i e d  i n  plankton samples o f f shore .  

Some a d d i t i o n a l  s e r r a n i d  l a rvae  w e r e  i d e n t i f i e d  as Pa ra l a 

brax s p ,  o t h e r s  could j u s t  be i d e n t i f i e d  t o  fami ly .  Ser ra

n i d  eggs were c o l l e c t e d  i n  March, August, September and 

October. Larvae w e r e  t aken  i n  May, J u l y ,  August, September, 

October and November. T h i s  coincides  wi th  r e p o r t e d  spawning 

times and presence of l a r v a e  (6-429, 6-430, 6-431, and 6

432). Eggs w e r e  p re sen t  i n  sp r ing  and f a l l ,  and larvae i n  

summer and f a l l .  

6 . 4 . 5 . 4 . 2  S p a t i a l  D i s t r i b u t i o n  - Offshore.  Se r ran id  eggs 

w e r e  taken a t  a l l  o f f shore  s t a t i o n s .  They w e r e  most abun

dant a t  t h e  deeper s t a t i o n s  (A-50, F-50) which i s  t o  be 

expected s i n c e  s e r r a n i d s  spawn i n  deeper waters (Appendix 

Tables 16.3-19 and 16 .3-20) .  Larvae were a l s o  c o l l e c t e d  a t  

a l l  o f f shore  s t a t i o n s  (Appendix Tables 16.3-21 and 16.3-22). 

Ser ran id  l a r v a e  w e r e  gene ra l ly  more abundant a t  t h e  deeper 

s t a t i o n s  a l s o ,  a l though k e l p  bass  l a r v a e  w e r e  more abundant 
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a t  t h e  shallow s t a t i o n  A-25 (Appendix Tables 16.3-21 and 

1 6 . 3 - 2 2 ) .  Larvae a r e  repor ted  t o  move inshore ( 6 - 4 3 3 ) .  

6 . 4 . 5 . 4 . 3  Temporal D i s t r ibu t ion  - Lagoon. D i e l  d i s t r i b u 

t i o n  of ichthyoplankton species  a t  lagoon s t a t i o n s  was 

examined by day and n ight  sampling i n  October. A Mann-

Whitney U-test  was u t i l i z e d  t o  examine any s i g n i f i c a n t  d i f 

ferences between day and n ight  sampling. No s i g n i f i c a n t  

d i f f e rences  were found (Table 6 . 4 - 9 )  f o r  ou ter  lagoon 335p 

mesh or middle and upper lagoon 5 0 5 ~mesh n e t s  bettTeen day 

and n ight  sampling. However, s i g n i f i c a n t  differenc.es were 

found i n  t he  outer  lagoon w i t h  50511 mesh and i n  the  upper 

and middle lagoon w i t h  3352 mesh n e t s .  Where s i g n i f i c a n t  

d i f f e rences  were found, the night t ime samples captured more 

than the  daytime samples. The d i f f e rences  t h a t  were 

observed on two occasions (Table 6 .4-9)  i n  t h i s  study 

between day and n ight  c o l l e c t i o n s  a r e  most l i k e l y  a t t r i b u t 

a b l e  t o  pa tch iness ,  avoidance i n  daytime versus n i g h t ,  and 

perhaps a concentrat ion of f i s h  l a rvae  near  t he  su r face  

(sampling zone) a t  n i g h t .  

Serranid eggs were only c o l l e c t e d  i n  the lagoon i n  

March. Larvae were only taken i n  September. The appear

ance of eggs i n  spr ing  could be from spo t t ed  sand l a s s  

which inhab i t  the  lagoon and a r e  spr ing  spawners. F a l l  l a r 

vae could be from any of t he  s e r r a n i d  spec ies  i n  t l e  a r e a .  
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6 . 4 . 5 . 4 . 4  Spatial Distribution - Lagoon. In the outer 

lagoon, serranid eggs were collected at all stations, but 

larvae were only taken at station AHL-3. Eggs were col

lected at the middle lagoon station, but no larvae were 

taken. No serranid eggs or larvae were taken in the upper 

lagoon. However, juvenile serranids were common in the 

lagoon, apparently migrating in from offshore spawning. 

Vertical distribution within the lagoon was difficult 

to examine due to shallow depths in many portions of the 

study area. The extent of vertical distribution was 

examined in the deeper areas of the outer lagoon and found 

to be insignificant, indicating no vertical stratification 

of species within the lagoon water column (see Section 

6 . 4 . 4 . 1 . 4 ) .  

6 . 4 . 5 . 5  Sciaenidae. Various sciaenid (croaker) species occur in 

the study area. Common croakers collected in the study include: 

white seabass (Gynoscion nobilis) , white croaker (Genyonemus 

lineatus), California corbina (Menticirrhus undulatus), spotfin 

croaker (Roncador stearnsi),- queenfish (Seriphus politus), and 

yellowfin c'roaker (Umbrina roncador) . In addition, some black 

croaker (Cheilotrema saturnum) were also collected during a few 

sample periods. The Family Sciaenidae comprises more species 

that were common in the study area than most other family group

ings examined. 
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6 . 4 . 5 . 5 . 1  Temporal D i s t r ibu t ion  - Offshore.  Diel  d i s t r i b u 

t i o n  of ichthyoplankton species  a t  offshore s t a t i o n s  was 

examined by day and n igh t  sampling i n  October. A Mann-

Whitney U-test  was u t i l i z e d  t o  examine any . s i g n i f i c a n t  d i f 

fe rences  between day and n igh t  sampling. No s i g n i f i c a n t  

d i f f e rences  were found (Table 6 . 4 - 9 )  f o r  e i t h e r  3 3 5 ~mesh o r  

5 0 5 ~ 1mesh ne t s  between day and n igh t  sampling a t  o f fshore  

s t a t i o n s .  

Sciaenidae eggs were co l l ec t ed  of fshore  during every 

month of the year (Appendix Tables 16.3-15 and 16.3-16).  

They were most abundant during summer (June-August) . This 

i s  i n  l i n e  w i t h  reported summer (April-August) spawnings f o r  

many sc iaenid  species  (queenfish,  white  seabass ,  Ca l i fo rn ia  

corbina,  s p o t f i n  c roaker ) .  

Five species  of sc iaenid  l a rvae  were i d e n t i f i e d  from 

of fshore  c o l l e c t i o n s :  queenfish,  s p o t f i n  croaker ,  white 

cro-aker, black croaker ,  Ca l i fo rn ia  corb ina ,  and white  sea-

b a s s .  One or  more species  were taken during almost every 

month of the  year (Appendix Tables 16.3-17 and 16.3-18).  

Queenfish were taken i n  January,  A p r i l ,  and Ju ly  through 

September. Spot f in  croaker were c o l l e c t e d  i n  January,  Feb

rua ry ,  May, August and September. White croaker were col

lec ted  i n  January,  February,  Apr i l  through J u l y ,  and Octo

b e r .  

Black croaker were only c o l l e c t e d  i n  J u l y .  Ca:. ifornia 

corbina were taken from Ju ly  through September and :.n 
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December. White seabass were only captured i n  June.  Sciae- 0 

n i d s  were the  top ranked f i s h  spec ies  taken i n  o f f shore  


plankton c o l l e c t i o n s .  They were taken i n  a l l  seasons ,  but 


were most common i n  summer. 


6.4 .5 .5 .2  S p a t i a l  D i s t r i b u t i o n  - Offshore.  Sc iaenid  eggs 

and l a rvae  were taken a t  every sampling s t a t i o n  (Appendix 

Tables 16.3-19 through 16.3-22),  i n d i c a t i n g  widespread o f f 

shore d i s t r i b u t i o n .  

6 . 4 . 5 . 5 . 3  Temporal D i s t r ibu t ion  - Lagoon. D i e l  d i s t r i b u 

t i o n  of ichthyoplankton spec ies  a t  lagoon s t a t i o n s  w a s  

examined by day and n i g h t  sampling i n  October.  A Mann-

Whitney U-test was u t i l i z e d  t o  examine any s i g n i f i c a n t  d i f 

ferences between day and n igh t  sampling. N o  s i g n i f i c a n t  

d i f f e rences  were found (Table 6.4-9) f o r  o u t e r  lagoon 33511 

mesh o r  middle and upper lagoon 505p mesh n e t s  between day 

and n igh t  sampling. However, s i g n i f i c a n t  d i f f e r e n c e s  w e r e  

found i n  the  ou te r  lagoon with 5 0 5 ~mesh and i n  t h e  upper 

and middle lagoon with 33511 mesh n e t s .  Where s i g n i f i c a n t  

d i f f e rences  were found, t h e  n igh t  samples captured more than 

the  daytime samples. The d i f f e rences  t h a t  w e r e  observed on 

two occasions (Table 6.4-9) i n  t h i s  s tudy between day and 

n igh t  c o l l e c t i o n s  a r e  most l i k e l y  a t t r i b u t a b l e  t o  pa t ch i 

ness ,  avoidance i n  dayti-me versus  n i g h t ,  and perhaps a con

c e n t r a t i o n  of f i s h  l a rvae  near t h e  su r face  (sampling zone) 

a t  n i g h t .  
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Sciaenid eggs were co l l ec t ed  i n  t h e  lagoon during every 

month of t h e  year (Appendix Tables 16.3-23 and 16.3-24).  

Larvae were captured from January through May and Ju ly  

through September (Appendix Tables 16.3-25 and 16.3-26).  

The presence of sc iaenid  eggs and l a r v a e  i n  the  lagoon 

during a l l  seasons corresponds with s i m i l a r  d i s t r i b u t i o n s  

of fshore  . 

6 . 4 . 5 . 5 . 4  S p a t i a l  D i s t r ibu t ion  - Lagoon. Sciaenid eggs 

were most abundant i n  the  outer  lagoon, but were co l l ec t ed  

a t  a l l  s t a t i o n s  i n  the  o u t e r ,  middle and upper lagoon. 

Sciaenid l a rvae  were co l l ec t ed  a t  a l l  lagoon s t a t i o n s ,  but 

some spec ie s  were only taken a t  c e r t a i n  s t a t i o n s  (Appendix 

Tables 16.3-21 and 16.3-22).  White croakers were only taken 

i n ' t h e  ou te r . and  upper lagoon. C a l i f o r n i a  corbina l a rvae ,  

although widespread of fshore ,  w e r e  n o t  taken i n  t h e  lagoon. 

Spo t f in  croaker l a rvae  a l s o  were no t  taken i n  the  lagoon. , 

Queenfish were taken only i n  t h e  ou te r  lagoon. White sea-

bass were taken only i n  t h e  ou te r  lagoon. Larvae t h a t  could 

only be i d e n t i f i e d  t o  f a m i l y  (Sciaenidae) w e r e  taken i n  a l l  

t h r e e  por t ions  of the lagoon ( o u t e r ,  middle,  upper).  

Ver t i ca l  d i s t r i b u t i o n  wi th in  t h e  lagoon was d i f f i c u l t  

t o  examine due t o  shallow depths i n  many por t ions  of t he  

study a r e a .  The ex ten t  of v e r t i c a l  d i s t r i b u t i o n  was 

examined i n  t he  deeper a reas  of t h e  o u t e r  lagoon anc found 
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t o  be i n s i g n i f i c a n t ,  i n d i c a t i n g  no v e r t i c a l  s t r a t i f i c a t i o n  

of spec ie s  wi th in  t h e  lagoon water column ( see  Sec t ion  

6 . 4 . 4 . 1 . 4 ) .  

6 . 4 . 5 . 6  Clin idae .  Common c l i n i d s  i n  t h e  study area inc lude  t h e  

g i a n t  k e l p f i s h  (Heterostichus r o s t r a t u s )  and t h e  s t r i p e d  k e l p f i s h  

(Gibbonsia metz i ) .  There a r e  o the r  spec ies  i n  t h e  family t h a t  

occur i n  t h e  reg ion ,  such as reef f in spo t  (Parac l inus  i n t e g r i 

p i n n i s ) ,  but  t h e  two spec ies  above a r e  t h e  most common. 

6.6.5.6.1 Temporal D i s t r i b u t i o n  - Offshore.  D i e l  d i s t r i b u 

t i o n  of ichthyoplankton spec ie s  a t  o f fshore  s t a t i o n s  w a s  

examined by day and n i g h t  sampling i n  October. A Mann-

Whitney U-test  was u t i l i z e d  t o  examine any s i g n i f i c a n t  d i f 

ferences between day and n i g h t  sampling. No s i g n i f i c a n t  

d i f f e rences  w e r e  found (Table 6 .4-9)  f o r  e i t h e r  33511 mesh o r  

5 0 5 ~mesh n e t s  between day and n igh t  sampling a t  o f f shore  

s t a t i o n s .  

No c l i n i d  eggs were c o l l e c t e d  o f f shore .  Kelpf i sh  

species  a t t a c h  t h e i r  eggs t o  kelp and seagrass  wi th  adhesive 

th reads ;  t h e r e f o r e ,  they would no t  be expected t o  be cap

tured  i n  plankton n e t s .  Larvae were c o l l e c t e d  o f f shore  

during every month but  December. They w e r e  most abundant i n  

spr ing  and i n t o  summer (Appendix Tables 16.3-17 and 16.3-18). 
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6.4.5.6.2 Spatial Distribution - Offshore. Clinid larvae 

were collected at offshore stations. They were least common 

at station A-50; but were very abundant at the other four 

stations in the vicinity of kelp beds (Appendix Tables 16.3

21 and 16.3-22). 

6.4.5.6.3 Temporal Distribution - Lagoon. Diel distribu

tion of ichthyoplankton species at lagoon stations was ex

amined by day and night sampling in October. A Mann-Whitney 

U-test was utilized to examine any significant differences 

between day and night sampling. No significant differences 

were found (Table 6.4-9) for outer lagoon 3 3 5 ~mesh or mid

dle and upper lagoon 505p mesh nets between day and night 

sampling. However, significant differences were found in 

the outer lagoon with 5 0 5 ~mesh and in the upper and middle 

lagoon with 3 3 5 ~mesh nets. Where significant differences 

were found, the night samples captured more than the daytime 

samples. The differences that were observed on two occa

sions (Table 6 . 4 - 9 )  in this study between day and night 

collections are most likely attributable to patchiness, 

avoidance in daytime versus night, and perhaps a concentra


tion of fish larvae near the surface (sampling zone) at 


night. 


Clinid larvae were captured during every month in the 

lagoon'. Peak abundances occurred in July and Novem>er, 

. December and January. The winter peak in numbers i - 2  the 
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lagoon could be due to young larvae seeking refuge in the 


lagoon grass beds during winter stormy periods offshore. 


6 . 4 . 5 . 6 . 4  Spatial Distribution - Lagoon. Clinid larvae 

were widespread in the lagoon. They were captured at all 

stations in the outer, middle and upper lagoon. All three 

sections of the lagoon have eelgrass beds which are a habi

tat frequented by kelpfish. 

Vertical distribution within the lagoon was difficult 


to examine due to shallow depths in many portions of the 


study area. The extent of vertical distribution was exam


ined in the deeper areas of the outer lagoon and found to be 

insignificant, indicating no vertical stratification of 

species within the lagoon water column (see Section 6 . 4 . 4 . 1 .  

4)

6 . 4 . 5 . 7  Gobiidae. Common gobies in the study area include: 

blackeye goby (Coryphopterus nicholsi), cheekspot goby (Ilypnus 

gilberti) , shadow goby (Quietula y-cauda), bay goby (Lepidoiobius 

lcpidus) , and blind goby (Typhlogobius californiensis). Most-

gobies have demersal and/or adhesive eggs. They are sedentary 

fishes, frequently lying partly buried in the sand ( 6 - 4 3 4 )  and 

as such, eggs are not normally collected in plankton tows. 

6 . 4 . 5 . 7 . 1  Temporal Distribution - Offshore. Diel distribu

tion of ichthyoplankton species at offshore stations was 

examined by day and night sampling in October. A Mann- I 
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Whitney U-test was utilized to examine any significant dif


ferences between day and night sampling. No significant 


differences were found (Table 6.4-9)for either 3351~mesh or 


505p mesh nets between day and night sampling at offshore 


stations. 


No goby eggs were collected in offshore plankton tows. 


Goby larvae were collected offshore during every month of 


the year. Two species could be identified in collections 


offshore, blackeye goby and blind goby; others could only 


be identified to family. Blackeye and blind gobies were 


most common offshore in May. Seasonal peaks in abundance 


for goby species occurred in late spring, summer and fall 


(Appendix Tables 16.3-17 and 16.3-18). 


6.4.5.7.2 Spatial Distribution - Offshore. Goby larvae 

were caught at all offshore stations (Appendix Tables 16.3

21 and 16.3-22). Blackeye gobies were only taken at station 

A-25 and blind gobies were only taken at station C-25. 

6.4.5.7.3 Temporal Distribution - Lagoon. Diel distribu

tion of ichthyoplankton species at lagoon stations was ex

amined by day and night sampling in October. A Mann-Whitney 

U-test w a s  utilized to examine any significant differences 

between day and night sampling. No significant difFerences 

were found (Table 6 . 4 - 9 )  for outer lagoon 3351~mesh or mid

dle and upper lagoon 5 0 5 ~mesh nets between day and night 

sampling. However, significant differences were fo,mdin 

. .  , 
. I 
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the outer lagoon with 505u mesh and in the upper and middle 

lagoon with 3 3 5 ~mesh nets. Where significant differences 


were found, the nighttime samples captured more than the 


daytime samples. The differences that were observed on two 


occasions (Table 6.4-9) in this study between day and night 


collections are most likely attributable to patchiness, 


avoidance in daytime versus night, and perhaps a concentra


tion of fish larvae near the surface (sampling zones) at 


night. 


No goby eggs were taken in lagoon collections. Goby 


larvae were collected during every month of the year in the 


lagoon. Peak abundances occurred from March through June 


for most groups. Species identified from lagoon collec


tions included: blind goby, blackeye goby, bay goby, and 


checkspot goby. Blind gobies were taken in May, June and 


November. Blackeye gobies were collected in May, June, and 


July. Bay gobies were collected in April. Checkspot gobies 


were taken in December. The peak abundances for most spe


cies in summer and fall coincide with reported spawning 


times for certain species (6-435). 


6 . 4 . 5 . 7 . 4  Spatial Distribution - Lagoon. Goby larvae were 

collected at all lagoon sampling stations in all three 

sections of the lagoon. Blackeye, blind, checkspot, and 

bay goby were collected from the outer lagoon. Only 
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unidentified species were taken in the middle lagoon. Blind 


and blackeye gobies were identified from the upper lagoon. 


Vertical distribution within the lagoon was difficult 

to examine due to shallow depths in many portions of the 

study area. The extent of vertical distribution was exam

ined in the deeper areas of the outer lagoon and found to be 

insignificant, indicating no vertical stratification of 

species within the lagoon water column (see Section 6 . 4 . 4 .  

1.4)

6 . 4 . 5 . 8  Bothidae. The bothid (left-eyed) flounders comprise 

fewer species than the right-eyed group (Pleuronectidae) in Cali

fornia waters. Common bothids in the study area include: 

Pacific sanddab (Citharichthys sordidus), speckled sanddab (C.-
stigmaeus), longfin sanddab (C. xanthostigma), bigmouth sole
-
(Hippoglossina stomata), California halibut (Paralichthys -Cali
fornicus), and fantail sole (Xystreurys liolepis). The major 

species collected in plankton studies were sanddabs (Citharich

thys sp)  and California halibut. 

6.4.5.8.1 Temporal Distribution - Offshore. Diel distribu

tion of ichthyoplankton species at offshore stations was 

examined by day and night sampling in October. A Mann-

Whitney U-test was utilized to examine any significant 

differences between day and night sampling. No sigiiificant 

differences were found (Table 6 . 4 - 9 )  f o r  either 3351s.mesh 
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or 505~1 
mesh nets between day and night sampling at off


shore stations. 


Eggs from three bothid species were collected offshore. 


California halibut eggs were collected from January through 


March and in June and September. California halibut are 


reported to spawn from February to July ( 6 - 4 3 6 ) .  Sanddab 

(Citharichthys sp) eggs were collected during every month 

of the year offshore. Sanddab spawning is reported from 


April to September for two of the three species (6 -437  and 

6 - 4 3 8 ) .  Bigmouth sole eggs were collected in October. Only 

sanddab (Citharichthys sp) and California halibut larvae 

were collected offshore. Sanddab larvae were only collected 

in September (Appendix Tables 1 6 . 3 - 1 7  and 1 6 . 3 - 1 8 ) .  Cali

fornia halibut larvae were collected from January through 

April and in September and November. The seasonal collec

tions in fall for sanddabs and in spring for California 

halibut correspond with reported spawning periods ( 6 - 4 3 9 ,  

6 - 4 4 0 ,  and 6 - 4 4 1 ) .  

6 . 4 . 5 . 8 . 2  Spatial’Distribution - Offshore. California 

halibut eggs were collected at all offshore stations. The 

California halibut migrates inshore to waters 6 to 20 m 

deep to spawn ( 6 - 4 4 2 ) ,  so eggs were expected to be common 

in the study area, as was the case. Sanddab eggs (Cithar

ichthys s p )  were very common at all sampling stations off

shore. This species is very abundant in the region and eggs 

were collected at all stations (Appendix Tables 16.3-19 and 0 
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16.3-20). Eggs of the bigmouth sole were only collected at 

station C-25. California halibut larvae were collected at 

a l l  stations offshore (Appendix Tables 16.3-21 and 16.3-22). 

Sanddab larvae (Citharichthys sp) were only collected at two 

stations offshore (G-25, F-50), even though eggs were abun

dant everywhere. Fitch and Lavenberg (1973) report that 

sanddab larvae have a relatively long'pelagicperiod and 

that many young larvae occur several kilometers offshore, 

which is beyond the study area for our collections (6-443). 

This may be the cause of the sparse distribution of larvae 

in this study area. 

6.4.5.8.3 Temporal Distribution - Lagoon. Diel distribu

tion of ichthyoplankton species at lagoon stations was 

examined by day and night sampling in October. A Mann-

Whitney U-test was utilized to examine any significant dif

ferences between day and night sampling. No significant 

differences.were found (Table 6.4-9) for outer lagoon 3 3 5 ~  

mesh or middle and upper lagoon 505p mesh nets between day 

and night sampling. However, significant differences were 

found in the outer lagoon with 5 0 5 ~mesh and in the upper 

and middle lagoon with 335p mesh nets. Where significant 

differences were found, the nighttime samples captwed more 

than the daytime samples. The differences that wer? observ

ed on two occasions (Table 6 . 4 - 9 )  in this study bet\reen day 

and night collections are most likely attributable .:o 
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patchiness, avoidance in daytime versus night, and perhaps 0 

a concentration of fish larvae near the surface (sampling 


zone) at night. 


Monthly collections in the lagoon captured sanddab 

(Citharichthys sp) eggs during every month of the year. 

California halibut eggs were collected in the lagoon from 

January through March and in July and September. Sanddab 

larvae were collected in the lagoon in September. Califor

nia halibut larvae were collected in the lagoon in February. 

It appears that larvae of these species drift into the 

lagoon at times, but are more common offshore. The seasonal 

a7pearance of sanddab larvae in fall and halibut larvae in 

spring coincides with their seasonal abundances offshore. 0 
6 .4 .5 .8 .4  Spatial Distribution - Lagoon. Sanddab eggs 

were collected at all lagoon stations in the outer, middle, 

and upper lagoon. Sanddab larvae were only collected in 

the outer .lagoon. California halibut eggs were collected in 

the outer and upper lagoon. None were taken in the middle 

lagoon. Halibut larvae were only taken in the outer lagoon. 

Vertical distribution within the lagoon was difficu.lt 

to examine due to shallow depths in many portions of the 

study area. The extent of  vertical distribution was exam

ined in the deeper areas of the outer lagoon and found to 

be insigniflcant, indicating no vertical stratification of 

species within the lagoon water column (see Section 6.4 .4 .1 .  

4 )  * 
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(b 6 . 4 . 5 . 9  Pleuronectidae. The right-handed flatfish (Pleuronec

tidae) common in the study area include: diamond turbot (Hypsop

. setta guttulata), English sole (Parophrys vetulus), C-0 sole 

(Pleuronichthys coenosus), spotted turbot (Pleuronichthys rit-
teri), hornyhead turbot (Pleuronichthys verticalis), and curlfin 


sole (Pleuronichthys decurrens). 


6.4.5.9.1 Temporal Distribution - Offshore. Diel distribu

tion of ichthyoplankton species at offshore stations was ex


amined by day and night sampling in October. A Mann-Whitney 

U-test was utilized to examine any significant differences 


between day and night sampling. No significant differences 


were found (Table 6 . 4 - 9 )  for either 335p mesh or 505p mesh 

nets between day and night sampling at offshore stations. 


Eggs of six Pleuronectid species were collected off


shore. English sole eggs were collected in September. 


Spotted turbot eggs were collected during every month of the 


year except July. Hornyhead turbot eggs were collected 


during every month of the year. C-0 sole eggs were collec


ted in March, May, and August through December. Diamond 


turbot eggs were collected in November and February. Curl-

fin sole eggs were collected in November 


Larvae of three Pleuronectid species were collected 


offshore. Diamond turbot larvae were collected in February, 


April, May and September through November. Hornyhead turbot 

larvae were collected in October, January, February. and 


May. Curlfin sole larvae were collected in November. 
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0
In general, some form of Pleuronectid eggs were present 


offshore during all seasons and larvae were present during 


spring and fall. 


6.4.5.9.2 Spatial Distribution - Offshore. Spotted and 

. 	 hornyhead turbot and C-0 sole eggs were collected at all 

offshore stations, indicating widespread distribution. 

Diamond turbot eggs were collected at all stations except 

one (C-25). Curlfin turbot and English sole eggs were only 

collected at one station (A-25) offshore (Appendix Tables 

16.3-19 and 16.3-20). 

Diamond turbot larvae were collected at a11 offshore 

stations. Spotted turbot were collected at three (F-50, 

C-25, G-25) of the five offshore stations. Curlfin sole 

larvae were collected at one station (F-50) offshore. No 

other Pleuronectid larvae were captured offshore. 

6.4.5.9.3 Temporal Distribution - Lagoon. Diel distribur 

tion of ichthyoplankton species at lagoon stations was 

examined by day and night sampling in October. A Mann-

Whitney U-test was utilized to examine any significant dif

ferences between day and night sampling. No significant 

differences were found (Table 6 . 4 - 9 )  for outer lagoon 3 3 5 ~  

mesh or middle and upper lagoon 5 0 5 ~ 1mesh nets between day 

and night sampling. However, significant differences were 

found in the outer lagoon with 50511 mesh and in the upper 

and middle lagoon with 335p mesh nets. Where significant 
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differences were f o u n d ,  the nighttime samples captured more 

than the daytime samples. The differences that were observ

ed on two occasions (Table 6 . 4 - 9 )  in this study between day 

and night collections are most likely attributable to patch

iness, avoidance in daytime versus night, and perhaps a 

concentration of fish larvae near the surface (sampling 

zone) at night. 

Four species of Pleuronectid eggs were collected in 

the lagoon. Diamond turbot eggs were collected in January 

and March. Spotted turbot eggs were collected in all months 


except August and November. Hornyhead turbot eggs were 


collected from January through July and in October and 


December. C-0 sole eggs were collected in August, October 


and December. 


Pleuronectid larvae in the lagoon were not very common. 


Diamond turbot larvae were collected in February and March 


and hornyhead turbot were collected in April. 


Pleuronectid eggs were collected in all seasons, but 


larvae were only collected in the spring. 


6 . 4 . 5 . 9 . 4  Spatial Distribution - Lagoon. Spotted turbot 

and hornyhead turbot eggs were captured at all stations in 

in all three portions of the lagoon. C - 0  sole and liamond 

turbot eggs were only collected in the outer lagoon (Appen

dix Tables 1 6 . 3 - 1 9  and 1 6 . 3 - 2 0 ) .  
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Hornyhead turbot larvae were only collected in the 


outer lagoon. Diamond turbot larvae were collected in the 


outer and middle lagoons. 


Vertical distribution within the lagoon was difficult 

to examine due to shallow depths in many portions of the 

study area. The extent of vertical distribution was ex

amined in the deeper areas of the outer lagoon and found to 

be insignificant, indicating,no vertical stratification of 

species within 'thelagoon water column (see Section 6 . 4 . 4 . 1 .  

4 )  

6 . 4 . 6  Non-Critical Species 

The only critical invertebrate species was the copepod, 

Acartia tonsa. Many other invertebrate species were captured 

in this study, although copepods were the most abundant species. 

The major groups of zooplankton species collected were examined 

to determine species make-up. A total of 123 invertebrate taxa 

were identified in sam?les (Table 6 . 4 - 7 ) .  Many of these were 

common in collections both offshore and in the lagoon. 

Non-critical ichthyoplankton species were comprised of 21 

different taxa for fish larvae and 11 different taxa (Table 6.4

11) for fish eggs. All of the non-critical species captured were 


species common or expected to occur in the study area. Temporal 


and spatial distribution of these species both offshore and in 


the lagoon is shown in Appendix Tables 16.3-9 through 16.3-26. 
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TABLE 6.4-11 
NON-CRITICAL ICHTHYOPLANKTON TAXA CAPTURED 

I N  PLANKTON COLLECTIONS OFFSHORE AND/OR I N  THE LAGOON 
E N C I N A  POWER PLANT - AUGUST 1 ,  1980 

S c i e n t i f i c  Name 

-Fish  Larvae 
Anguill iformes 

ilnjsotJ.c->musdnv i d sor i i  i 

~.Iii-oiriis puric t i p i n n i  s 

C lupeidae 

Exocoetidae 

Gobiesocidae 

Gobiesox p a p i l l i f e r  

ii!ypsoblcnni u s  Sp. 

liypsypops  ru b i  c und u s  

Labri  dae 

Muyi l  cepha l  u s  

P c p r j  1u s  simi l l i m u s  

S’J r-d i n o p s  sagax c a e r u l  c u s  

Sebastes Sp. 

Sphyrjl ena a r g e n tea 

Syr:yna t h u s  1e p t o r h y n c h u s  

Synqna t h u s  Sp . 

Synodus  l u c i o c e p s  

T r a c h u r u s  symmetriulls 

Tripliotirr-us mcxicanus  

Xiphidae 


F i s h  Eggs 
i’c’t t v~gr,.?u.li s  sp . 
ih-tJ.11a i i i  qri cans 
liemiramphidae 
Labrida e 
fi1ug.i .2 ccpha.111~ 

Pimcl  omc.topon pu.1 chrum 

::ebd s t (-2ssp . 

S p h y  I-acil a  .? rgent(.?a 

Synodus  1u c i o c e p s  

‘ret r a d o n t i f o m e s  
?r . 3  I- hux 11 s symmc tr i C X I  s 

Common Name 


Eels 

Sargo

Blacksmith 

Herrings 

Flyingf i shes  

C 1  ingf i shes 

Bearded c l i n g f i s h 

B 1  enny

Garibaldi  

Wrasses 

Str iped  mul le t  

P a c i f i c  b u t t e r f i s h  

P a c i f i c  s a rd ine  

Rockfish 

P a c i f i c  barracuda 

Bay p ipe f i sh 

Pipef i sh 

Cal i forn ia  l i z a r d f i s h  

Jack mackerel 

Nexican lampf i s h  

Swordfish 


Anchoveta 

Opaleye

Halfbeaks 

Wrasses 

Str iped  mullet  

Cal i fo rn ia  sheephead

Rockfish 

P a c i f i c  barracuda 

Cal i fo rn ia  l i z a r d f i s h  

Boxfish, Pu f fe r s ,  P a r r o t f i s h  

Jack mackerel 
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Abundances per unit volume for various sample periods and areas 


is given in Appendix Tables 16.3-1 through 16.3-8. 


6.4.7 Comparisons of Lagoon and Offshore 


With regard to species make-up for invertebrates there were 


no noticeable differences between the Lagoon and offshore. The 


same major species groups were caught at all stations in both 


areas (Appendix Tables 16.3-11 and 16.3-12). However, abundances 


were significantly greater offshore than in the lagoon (Tables 


6.4-3 through 6.4-6) indicating that the offshore waters were the 


source for lagoon invertebrate populations or that conditions 


were more favorable offshore for invertebrate production, or 


both. 


Ichthyoplankton species were more diverse offshore than in 

the lagoon. A greater variety of species were collected offshore 

and they were more abundant offshore (Tables 6.4-3 through 6 . 4 - 6 ) ,  

indicating that most species spawn offshore rather than in the 

lagoon, however, a number of species drift into the lagoon. Some 

of the gobies were more abundant in the lagoon, indicating that 

some of these species may spawn in.the lagoon. Another species 

that was more abundant in the lagoon was the anchovy (Engrauli

dae). Anchoa species are lagoon residents and spawn in the 

lagoon, so this group of anchovies was significantly more abun

dant in the Lagoon. The northern anchovy (Engraulis mordax) 

spawns offshore and was not abundant in the lagoon. 

It appears that the source waters for most lagoon planktonic 

organisms was offshore waters except f o r  a few m i n o r  lagoon 
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e residents that spawn in the lagoon. Most lagoon species could be 


replaced from offshore sources, were they to be extirpated. 


6 . 4 . 8  Seasonal Distribution 

Offshore plankton distribution varied seasonally. Inverte

brate species showed peak abundances in spring and fall in 335p 

mesh collections (Figure 6 . 4 - 4 ) ,  and high levels during fall and 

winter in 50511mesh collections (Figure 6 . 4 - 3 ) .  The 33511 mesh 

data probably better approximates the seasonal picture for in

vertebrates as the 50511 mesh net does not capture all species. 

Ichthyoplankton offshore showed seasonal peaks in spring 

and summer with 3 3 5 ~mesh net collections (Figure 6.4-11) and 

peaks in summer and fall with 50511 mesh net collections (Figure

0 	 6 . 4 - 1 2 ) .  Eggs comprised the major percentage of the catch in 

most periods. Many species are spring and summer spawners and 

contribute to the observed peak levels in spring, summer and 

fall. 

Lagoon invertebrate species showed peaks in abundances in 

spring, early summer, and early fall (Figures 6 . 4 - 5  and 6 . 4 - 6 )  

in the outer lagoon where sampling was bimonthly. In the middle 

and upper lagoon there was a peak in invertebrate levels in June, 

September, November, and January (Figures 6.4-7  through 6 . 4 - 1 0 ) .  

These peaks fluctuated greatly, making it difficult to dc-tennine 

definite seasonal patterns. Sampling was conducted montb.ly,so 

some changes and/or fluctuations were probably missed duv to the 

rapid turnover of many plankton species.a 
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Ichthyoplankton in the outer lagoon exhibited definite 


peaks in late spring t o  early sunnner (May through June) and some 

smaller increases in fall (September) and spring (March) collec

tions (Figures 6.4-13 and 6.4-14). Data for the middle and upper 

lagoon also showed peak abundances in late spring to early summer 

(May through June) collections (Figures 6.4-15 through 6.4-18). 

These ichthyoplankton peaks were all due to heavy spawning in 

spring and summer by many species. 


Abundances for plankton groups were greater offshore than 


in the lagoon. 
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6 . 5  NEKTON 

Monthly nekton co l l ec t ions  were made i n  both t h e  n e a r - f i e l d  

and f a r - f i e l d  during the  year long study t o  eva lua te  t h e  abun

dance and d i s t r i b u t i o n  of c r i t i c a l  spec ie s .  

6 . 5 . 1  Abstract  and Summary 

A one-year study was conducted t o  examine the  abundance 

and d i s t r i b u t i o n  o f ' nek ton  species  i n  the  v i c i n i t y  of t h e  En

c ina  Power P lan t .  Monthly sampling w a s  conducted using o t t e r  

t r a w l s ,  beach se ines  and g i l l  n e t s  a t  both of fshore  and lagoon 

s i tes :  

Nekton co l l ec t ions  yielded a t o t a l  of 63,712 specimens 

(63,456 f i s h  and 256 i n v e r t e b r a t e s ) .  Ninety-one spec ies  of 

f i s h  and 1 7  species  of i nve r t eb ra t e s  were taken.  Ninety-six 

percent  of  t he  t o t a l  catch w a s  comprised of t h e  c r i t i c a l l y  

t r e a t e d  spec ies  s tud ied  (Tables 6.3-1 and 6.3-2 and Figure 6.5-1). 

The t e n  most abundant spec ies  c o l l e c t e d ,  l i s t e d  i n  order  

of decreasing abundance, were Ca l i fo rn ia  grunion, topsmelt ,  deep-

body anchovy, slough anchovy, nor thern  anchovy, queenfish,  wall

e y e  sur fperch ,  speckled sanddab, sh ine r  sur fperch  and Ca l i fo rn ia  

h a l i b u t .  Forty-nine percent  of t he  ent i re  nekton landings w e r e  

Ca l i fo rn ia  grunion predominately captured from the  s u r f  zone 

c o l l e c t i o n s  during t h e  f a l l .  

Non-cr i t ica l  spec ies  (using t h e  concept t h a t  96 percznt  of 

the  spec ies  were t r e a t e d  as c r i t i c a l )  accounted f o r  only fou r  

percent (2,814 specimens) of t h e  t o t a l  nekton ca tch .  Includeda
000305 
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withi.n c h i s  caregory were 6 4  fish species and 1 7  invertebrate 

species. 

Hierarchical analysis of nekton landings revealed three 


distinctly different populations, one in the lagoon, one offshore 


and one in the surf zone environment. Figure 6.5-15 summarizes 


the distribution of the three nekton population types. Lagoon 


populations (type A) were more closely related to offshore 


populations (type B) than to those of the surf zone (type C). 


Instantaneous population estimates of demersal fish were 

calculated, based upon trawl and seine landings. Minimum ave- . 

rage estimates were presented for upper, middle and outer seg

ments of Agua Hedionda Lagoon (590,211individuals) and for a 

defined coastal area (which included all sampling stations) 

(Figure 6.5-16) (467,967 individuals) ., Fish densities were 
found to be greatest in the upper lagoon segment, least in the 

outer lagoon segment. Approximately 78 percent of the total 

estimated lagoon population was contributed by the upper lagoon 

(which constitutes 76 percent of the total lagoon surface area). 

Only 12 percent of the total lagoon fish population was indi

cated for the outer lagoon area (which constitutes 17 percent 

of the lagoon surface area). 

Nekton populations exhibited definite seasonal fluctuations, 


both in species compositionand abundance. Nekton were most 


abundant during the fall and least abundant during the spring 


(Figure 6.5-17). Minimum and maximum species diversities 


occurred during the winter and fall, respectively. Seasonal 
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fluctuations of individual critical species populations were also 

evident. However, 19 of the 27 critically treated species were 

taken during every month, indicating that they represented pri

marily year-round residents of the study area (Figure 6.4-1). 

6.5.2 Methodology 


Monthly studies of fishes in the vicinity of the Power Plant 


were conducted offshore and in each of the three sections of Agua 


Xedionda Lagoon during the period from January through December, 


1979. Otter trawls, bag seines and gill nets were used in nekton 


collections. 


Trawl collections were conducted at four offshore and five 


Agua Hedionda Lagoon locations (Figure 6.4-1). A 7.9 m (26 ft) 


and 4.9 m (16 ft) Marinovich otter trawl (1.5 cm stretch mesh) 


were utilized in offshore and lagoon collections, respectively. 


Bag seine (1.27 cm stretch mesh) collections were obtained 


monthly at four coastline (surf zone) and three lagoon sites 


(Figure 6.4-1). Coastline samples were taken with a 50 m (164 


ft) seine; lagoon samples with an 18 m (59 ft) seine. 


Variable-mesh sinking gill nets 55 m (180 ft) long were used 


to sample demersal fish species at four offshore and three lagoon 


stations (Figure 6.4-1). 


Nekton sampling was generally performed during the daylight 


h o u r s .  However, some night collections were also conductsd. 

k e k t o n  spec ies  were processed in the field or laboratory. 
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Detailed methodologies for all nekton collections and processing 


are given in Appendix B (Section 16.2.2). 


6.5.3 Rank Order - Abundance 

Nekton collections yielded a total of 63,712 specimens. 

Primary consideration has been given to fishes, which constituted 

63,456 individuals (91 species). Invertebrates represented only 

a minor portion of the total catch (256 individuals of 17 spe

cies). 

Appendix Table 16.3-27 (Section 16.3.2) shows the rank order 


of total nekton species abundance for the entire one-year study. 


Appendix Tables 16.3-28, 16.3-29, 16.3-30, 16.3-31 and 16.3-32 


(Section 16.3.2) rank total nekton abundances in the offshore 

area, entire lagoon system, outer lagoon, middle lagoon and 

upper lagoon, respectively. Total catch data for the top ten 

most abundant species has been summarized in Table 6.5-1. These 

ten species, all treated as "critical", accounted f o r  91 percent 

of the total nekton landings. California grunion was the most 

abundant species captured during the entire study. It accounted 

f o r  nearly half of the total nekton abundance. Although most 

common in coastline areas, it was taken in abundance in the 'outer 

and middle Agua Hedionda Lagoons. Another atherinid, the top-

smelt, was the second most abundant species. It was found to be 

common both offshore and within the lagoon system. Deepbody and 

slough anchovies, ranking third and fourth in overall abundance, 

were taken primarily in the upper lagoon waters. Northern 
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TABLE 6.5-1 
SuMMAliY 01: 'L'O'TAL CATCll IIA'I'A FOR THE TEN MOST 

ABUNDANT NEKTON SPECIES 
ENCINA POWER P L A N T  - AUGUST 1, 1980 

Species 


California grunion 


Topsmelt 


Deepbody anchovy 


Slough anchovy 


Northern anchovy 


Queenf ish 


Walleye surfperch 


Speckled sanddab 


0 	 Shiner surfperch 

California halibut 

Number % Total Nekton 
Caught Rank . Abundance 

-~~ 

31,293 1 49 

10,597 2 17 

4,409 3 7 

3,906 4 G 

1,894 5 .'I 

,,1,662 6 - 1  

1,358 7 2 

31,057 8 L 

896 9 1 

741 10 1. 
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a
anchovies, however, were relatively numerous offshore and in the 


upper lagoon. Of the remaining "top ten" species, queenfish, 


walleye surfperch and speckled sanddab generally ranked in 


greater abundances in the offshore areas. Shiner surfperch and. 


California halibut were taken in greater numbers within the in


shore lagoon waters. 


6 . 5 . 4  Critical Species 

Critically treated species (Section 6 . 3 )  contributed 96 per

cent ( 6 0 , 8 9 8  individuals) of the entire 1979 nekton catch (Figure 

6 . 5 - 1 ) .  In terms of total abundance, 23 of the 27 total criti

cally treated species ranked in the top  30 abundance rankings 

(Appendix Table 16.3-27). Of the remaining species, white sea-

bass, Pacific sanddab and California sheephead were relatively 

uncommon. The following accounts summarize pertinent information 

concerning each of the critical species captured during the nek

ton study. 

6 . 5 . 4 . 1  [Trolophus halleri (round stingray). Round stingray ranked 

twenty-third in overall abundance, with a total of 1 3 4  individ

uals captured during the nekton study. Although taken during 

every month, this species appeared to be most abundant during the 

winter months. Peak Abundances'were observed during January (27 

fish), February (15 fish) and March ( 3 2  fish) (Appendix Table 

1 6 . 3 - 3 3 ) .  Few stingray were noted during the May-October period. 

The majority ( 1 1 8  fish) of round stingray were captured from 

lagoon waters. Although relatively common throughout the lagoon 
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s y s t e m ,  greatest abundances were indicated within the middle 

1a);oon (52 fish) and lowest, in the outer lagoon (24  fish). Only 

16 specimens were obtained from the surf and offshore areas. 

Nonthly abundance levels for these catches were never sufficient 

enough to observe specific trends. However, the catch .does 

appear to indicate a preference for the shallower (25-foot depth) 

stations offshore. 


Individuals captured ranged in size from 80 to 290 firm stan

dard length. The average standard length for all stingrty taken 

was 173 mm. However, specimens from offshore areas (aveiage 

standard length 210 mm) were generally larger than those obtained 

from the lagoons (average standard length 168 mm). A ler-gth

frequency distribution for the entire round stingray catch is 

shown in Figure 6.5-2. 
@ 


Spawning reportedly begins in April with young being born 

from June through November ( 6 - 4 4 4 ) .  At birth individuals 

are approximately 100 mm long (total length). Newly hatched 

stingray were not observed during the nekton collection program. 

However, a single adult, carrying well-developed young, was noted 

during September impingement sampling at the Power Plant (Section 

7-10). Small juveniles were taken throughout the winter and 


spring in the shallow lagoon waters. 


6 . 5 . 4 . 2  ~ z i y r a u l . i sm o r d a x  (northern anchovy) . Northern an<hovy 

ranked fifth in overall 'abundancewith 1894 specimens taken. 

Although captured during every month, a large abundance reak0 
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( 1 0 2 4  f i s h )  w a s  observed during J u l y .  Re la t ive ly  low abundances 

were noted during January,  February,  A p r i l ,  November and December 

c o l l e c t i o n s .  

The anchovy was most abundant i n  of fshore  a reas  (1677 f i s h ) ,  

with g r e a t e r  numbers being taken from shallower s t a t i o n s  (25-foot 

depth and surf-zone) .  Few specimens were c o l l e c t e d  from t h e  o u t e r  

( 4  f i s h )  and middle (0  f i s h )  lagoons.  However, t h i s  spec ie s  

appeared t o  be moderately abundant i n  t h e  upper lagoon, w i t h  213 

ind iv idua l s  co l l ec t ed  during t h e  s tudy.  While o f f shore  seasonal  

d i s t r i b u t i o n  follows a p a t t e r n  s i m i l a r  t o  t h a t  discussed above, 

t h e  d a t a  may suggest a somewhat d i f f e r e n t  p a t t e r n  wi th in  t h e  in

shore lagoon a r e a s .  There,  t h e  anchovy was only c o l l e c t e d  during 

January,  May, J u l y ,  September, October and December. A peak 

abundance was observed t o  occur during October (170 i n d i v i d u a l s ) .  

Northern anchovy averaged 85  mm i n  t o t a l  l e n g t h ,  w i th  i n d i 

v idua l s  ranging i n  s i z e  from 30 t o  170  mm (Figure 6 . 5 - 2 ) .  Off

shore f i s h  (average t o t a l  l eng th  87 mm) w e r e  s l i g h t l y  l a r g e r  than 

those found wi th in  t h e  lagoons (average t o t a l  l e n g t h  70 m).  

Juven i l e s ,  however, w e r e  c o l l e c t e d  from both a r e a s .  

Plankton da ta  (Sect ion 6 . 4 . 5 . 1 )  revealed spawning a c t i v i t y  

during October, December, and March, when eggs w e r e  c o l l e c t e d  

from both o f f shore  and lagoon a r e a s .  Females bear ing  eggs w e r e  

a l s o  noted during impingement c o l l e c t i o n s  (Sect ion 7.10)  i n  

November, March and Apr i l .  These f ind ings  appear t o  be i n  agree

ment w i t h  those of Lasker and Smith ( 6 - 4 4 5 )  and Brewer ' ( 6 - 4 4 6 ) .  
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-- 6 .  5 . 4 .  3 , m L 4 l l o ; l  c o i r ~ p r t ~ s s , ~(deepbody anchovy) 

Deepbody anchovy was t h e  t h i r d  most  abundant f i s h  captured 

(4409 t aken) .  It  was taken every month of t h e  year except during 

January.  

summer and f a l l ,  when 2000 and 1867 ind iv idua ls  were captured, 

These anchovies were general ly  most abundant during t h e  

r e spec t ive ly .  The g r e a t e s t  peak abundance was observed t o  occur 

Few deepbodyduring August, when 1103 specimens were c o l l e c t e d .  

anchovies w e r e  obtained during t h e  winter  months. 

By f a r  t h e  major i ty  of f i s h  co l l ec t ed  w e r e  taken from t h e  

upper Agua Hedionda Lagoon (4108 f i s h ) .  Although r e l a t i v e l y  

Tiumcrous i n  the  middle lagoon, few were ind ica ted  i n  t h e  outer  

lagoon. Only a r e l a t i v e l y  small number were c o l l e c t e d  of fshore  

( 7 7  f i s h )  and these  were only found a t  t h e  shallower s t a t i o n s  

(25-foot depth and sur f  zone).  Offshore,  specimens were only 

captured during t h e  February-June per iod and August. 

0 


Indiv idua ls  captured averaged 92 nun i n  t o t a l  l eng th .  How

ever ,  f i s h  ranging i n  s i z e  from 32 t o  157 mm w e r e  c o l l e c t e d  

during the  study (Figure 6 .5-3) .  Anchovies n e t t e d  from of fshore  

a r e a s  (average t o t a l  length 3-13mm) w e r e  much l a r g e r  than those 

ne t t ed  within the  1-agoons (average t o t a l  l eng th  7 1  mm).  

Deepbody anchovies repor ted ly  spawn during the  spr ing  and 

sulnmer months ( 6 - 4 4 7 ) .  Data co l l ec t ed  during t h e  present  s t u d i e s  

support  t he  observat ions of previous workers.  Developing females 

w i t h  eggs were c o l l e c t e d  from January through August i n  irnpinge

ment samples (Sect ion 7.10)  taken a t  t h e  Power P l a n t .  Ripe

0 females w e r e  captured during June. Although t h i s  spec ies  could 
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not be specifically identified in plankton samples (Section 

6 . 4 . 5 . 1 ) ,  specimens of Anchoa sp were captured in all areas 

during the spring and summer. 

6 . 5 . 4 . 4  nnchoa delicatissima (slough anchovy) . With 3906 individ

uals collected, the slough anchovy ranked as the fourth most 

abundant nekton species collected during 1 9 7 9 .  Specimens were 

obtained during every monthly collection except January and 

April. The majority of anchovies were observed during the fall 

when peak abundances occurred in September (1520 fish), October 

(1120 fish), and November (1009 fish). 

Nearly 99 percent of the slough anchovies were obtained 

from collections within Agua Hedionda Lagoon. The majority 

(3847 fish) were captured in the upper lagoon. Few were observed 

within the outer and middle lagoon areas. Offshore specimens 

(44 individuals) were only taken from the surf zone, during 

February and June collections. 


The slough anchovy was usually the smallest anchovy species 

collected during the study program. In total length, individuals 

ranged from 29 to 98 mm, having an average length of 71 mm 

(Figure 6 . 5 - 3 ) .  

Little information is available in the literature concerning 


the spawning season of this species. Larval specimens were col


lected both offshore and in the lagoons in March plankton samples 


(Section 6 . 4 . 5 . 1 ) .  This data indicates at least a late winter-

early spring spawning period in the vicinity of the Encina Power 

Plant. 0 
00031.4 
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g:runioi: was t h e  mosL abundant nekton species  captured during the  

e n t i r e  study (31,293 specimens). Although the  f i s h  were taken 

during every month except March, they were most abundant during 

t h e  f a l l ,  when 21 ,743  were co l l ec t ed .  Peak abundances were ob

served during September ( 8 , 1 6 8  f i s h )  and November (11 ,929  f i s h )  

c o l l e c t i o n s .  

I n  t e r m s  of s p a t i a l  d i s t r i b u t i o n ,  97 percent  of t h e  i n d i 

v idua ls  were obtained f r o m  samples taken i n  t h e  s u r f  zon.2. None 

were taken f a r t h e r  o f f shore .  Within the  Agua Hedionda Lagoon 

system,.grunion ranked f i f t h  i n  terms of t o t a l  abundance ( 7 8 4  

specimens). Abundances w e r e  g r e a t e s t  i n  t he  middle (483 f i s h )  

and ou te r  (277 f i s h )  lagoons.  Rela t ive ly  few were taken from t h e  

upper lagoon waters.  Most of t he  lagoon grunion w e r e  c o l l e c t e d  

wi th in  t h e  August-December per iod.  During t h e  rest of t h e  yea r ,  

only 1 2  ind iv idua ls  w e r e  captured,  all during Apr i l  c o l l e c t i o n s .  

Specimens ranged i n  s i z e  from 40 t o  196 mm, w i th  an average 

total length of 96 mm (Figure 6 . 5 - 4 ) .  Surf zone f i s h  (average 

t o t a l  length 102 mm) w e r e  genera l ly  l a r g e r  than those  captured 

within Agua Hedionda Lagoon (average t o t a l  l ength  77  m). 

Ca l i fo rn ia  grunion repor ted ly  spawn from l a t e  win ter  through 

ea r ly  f a l l  ( 4 - 4 4 8 ,  4 - 4 4 9 ) .  Data from the  present  s t u d i e s  i n d i 

c a t e  the occurrence of spawning during t h i s  per iod.  Ripe females 

were taken during impingement c o l l e c t i o n s  wi th in  t h e  Power P l a n t  

(Section 7 . 1 0 )  i n  A p r i l ,  May and June. Spent females w e x e  

observed i n  September c o l l e c t i o n s .  Plankton d a t a  result.;are 



.-

relatively inconclusive with respect to this species (Sectior, 

6 . 4 . 5 . 2 ) .  No specifically identified grunion larvae are repor

ted in the plankton data. Taxonomic problems did not allow 

positive identification below the family level. Atherinidae 

larvae were collected from both offshore and lagoon areas during 

' the January-July and October-December periods. 


6 . 5 . 4 . 6  A t h e r i m p s  a f f i n i s  (topsmelt). Topsmelt ranked as the 

second most abundant species captured ( 1 0 , 5 9 7  individuals). Spe

ciments were obtained throughout the year. Although a maximum 

abundance was indicated in December (2063 specimens), topsmelt 

were consistenly taken in large numbers during the summer and 


winter months. Spring appeared to be the season of least abun


dance. 

This atherinid was abundant in both offshore ' (2333 speci
, 

mens) and lagoon (8264  specimens) areas. Most of the offshore 

specimens were taken from the surf zone. Within the lagoon 


system, greatest numbers were captured in the middle lagoon (4843  

fish). However, topsmelt were common in all lagoon areas. 


In size, topsmelt ranged from 5 to 383 mm. Having an aver

age total length of 127 m, this species was a consideraly lar

ger atherinid than the grunion. A length-frequency distribution 

for total topsmelt nekton catch is presented in Figure 6 . 5 - 4 .  

Few fish smaller than 50 mm or larger than 200 mm were captured 

during the 1979 investigation. 


Previous investigators report an extensive spawning season, 

running from late winter through early f a l l  ( 6 - 4 5 0 ,  6 - 4 5 1 ) .  Data 
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e from t h e  present  s t u d i e s  show no evidence t o  t h e  con t r a ry .  Ripe 

females were noted during February,  March and A p r i l  impingement 

c o l l e c t i o n s  (Section 7 . 1 0 ) .  Also during February,  nekton co l l ec 

t i o n s  wi th in  the  lagoons yielded r ecen t ly  hatched (5 m t o t a l  

length)  i nd iv idua l s .  Small j uven i l e s  w e r e  genera l ly  taken 

throughout most of t he  year .  In  add i t ion ,  planktonic  a t h e r i n i d  

la rvae  were cons is ten ly  co l l ec t ed  both of fshore  and from t h e  

lagoons during the  January-July and October-December per iods .  

6 . 5 . 4 . 7  Scorpaena gu t ta t ' 2  (sculpin)-. Rela t ive ly  few sculpi-n (99 

specimens) were captured during the  nekton s tudy.  This c;pecies 

ranked only twenty-ninth i n  o v e r a l l  abundance. Specimens w e r e  

obtained during each month; however, numbers w e r e  gene ra l ly  q u i t e  

0 l o w .  The periods of g r e a t e s t  abundance occurred during October 

and November when 1 7  and 19 f i s h  were captured,  r e s p e c t i v e l y .  

1.n terms of s p a t i a l  d i s t r i b u t i o n ,  only one scu lp in  was cap

t u r e d  from Agua Hedionda Lagoon. The  remaining ca t ch  w a s  obtain

ed  frgm of fshore  s t a t i o n s .  The scu lp in  appeared t o  be equal ly  

common of fshore  a t  both 25 and 50-foot depths .  No specimens were 

taken from the  su r f  zone. 

Specimens ranging from 84 t o  305 mm were taken,  having an 

average t o t a l  l ength  of 197  rmn (Figure 6.5-5) .  

No information was revea led  concerning spawning a c t ; - v i t y  of . 

the  scu lp in .  No eggs o r  l a r v a e  were present  i n  plankton c o l l e c 

t ions  (Section 6 . 4 . 5 ) .  David ( 6 - 4 5 2 )  repor ted  t h a t  spawiling 

takes p l a c e  from A p r i l  through August f o r  t h i s  s p e c i e s .a 
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6.5.4.8 Leptocot tus . W I I ~ ~ U S  (staghorn sculpin) . Staghorn sculpin 

ranked thirty-fourth in terms of overall abundance, with only 77 

individuals captured during 1979. These sculpin were collected 

during every monthly collection. Although abundances were quite 

low for this species, definite seasonal/spatial patterns were 

evident. Within the lagoon system this species was most common 

during the January-June period. Few were taken during the re

mainder of the year. Offshore, however, no individuals were 

obtained during the January-June period. The greatest abundances 

in this region were noted during the October-December period. 

In all, 25 staghorn sculpin were found offshore, 52 within the 

lagoons. This species appeared to be least abundant in the outer 

lagoon waters. 

Staghorn sculpin captured in nekton collections averaged 

107 mm in total length. Individuals, however, varied consider

ably in this respect, ranging from 17 to 195 mm (Figure 6 . 5 - 5 ) .  

Lagoon specimens were usually much smaller than those taken from 

offshore areas. 

. Very little information was obtained concerning spawning 

activities of the staghorn sculpin. No eggs or positively iden

tified larvae were taken in plankton collections (Section 6 . 4 .  

5.3). Newly hatched young, however, were netted from the lagoons 

during January and February nekton collections. The data suggest 

at least a winter spawning season exists for this sculpin. These 

findings are in agreement with those of Fitch and Lavenberg 
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., 
( 6 - 4 5 3 ) ,  who reported t h e  occurrence of spawning during t h e  per iod 

from October through March. 

6 . 5 . 4 . 9  PdrdlabraX c l a t h r a t u s  (kelp b a s s ) .  Kelp bass ranked a s  t h e  

f i f t e e n t h  most abundant n e k t m  species  co l l ec t ed  (259 specimens).  

This s e r r an id  was captured each month, except February,  and ex

h i b i t e d  a peak i n  abundance during the  October c o l l e c t i o n s  (120 

f i s h ) .  Few specimens were obtained from of fshore  a r e a s .  This i s  

probably a result of sampling b i a s  s ince  t h e  f i s h ' s  major habi

t a t ,  t h e  kelp beds, could not  be sampled by the  methods used. 

ivo f i s h  were found t o  be present  within the  su r f  zone. Within 

t h e  lagoon system, kelp bass were r e l a t i v e l y  abundant. Grea tes t  

numbers were taken from t h e  middle lagoon (133 f i s h ) ,  s m a l l e s t ,

@ from the  upper lagoon ( 3 6  f i s h ) .  The data  i n d i c a t e  t h i s  spec ies  

i s  more common inshore during t h e  August-December per iod .  

Individuals  ranged i n  s i z e  from 1 2  t o  315 mm, having an 

average t o t a l  length of 105 mm (Figure 6.5-6) .  Kelp bass  taken 

o f f s h o r e  were genera l ly  l a r g e r  than those taken wi th in  t h e  

lagoons.  Most offshore  specimens were mature o r  nea r ly  s o ,  while 

b o t h  young and  a d u l t s  were common i n  Agua Hedionda Lagoon. Young 

j u v e n i l e s  (-:40 mm t o t a l  l ength)  were abundant wi th in  t h e  lagoons 

during the period from August through December, apparent ly  

u t i l i z i n g  t h e  a rea  as a nursery  grounds. 

. Larval kelp bass  were taken i n  both of fshore  and lagoon 

a reas  during Ju ly  and September plankton c o l l e c t i o n s  (Sect ion 

6 . 4 . 5 . 4 ) .  These da t a  a r e  i n  c l o s e  agreement wi th  spawninga 
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seasons reported by previous investigators. Collyer and Young 

(6-45[+) claimed that most kelp bass  spawn during July, August and 

Septembcr . 

6.5.4.10 I ’ n r d l a b r a x  m a c u l a t o f a s c i a t u s  (spotted sand bass) . Spotted 

sand bass ranked twenty-first in terms of overall abundance, with 

164 fish collected. This species was captured throughout the 

year at relatively low levels. Greatest numbers were taken 

during March (29 fish) and January (21 fish) collections. All 

specimens were obtained from the lagoon stations. None were 

taken offshore or in the surf zone. Slightly greater catches 

were observed in the middle lagoon area. 

Specimens ranging in size from 27 to 440 mm were collected 

(Figure 6.5-7). Average total length for the spotted sand bass 

was 225 nrm. 

No specifically identified eggs or larvae were collected for 

this species (Section 6.4.5.4). However, Paralabrax s p  larvae 

were taken in July and September plankton collections. Small 

juvenile spotted sand bass were captured from Agua Hedionda 

Lagoon in October and November. Other investigators have repor

ted spawning during the spring and early summer (6-455). 

6.5.4.11 Yaralabrax nebul . i fer  (barred sand bass). In all, 89 bar

red sand bass  were collected during the nekton sampling program. 

Specimens were obtained in all but the February samples. The 

largest landings were obtained during March (17 f i s h ) ,  June (19 

fish), August (12 fish) and September (12 fish). Few fish were 
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c o l l e c t e d  during the  winter  months. Greater numbers of t h i s  bass  

were taken i n  the  lagoons (56 f i s h )  than of fshore  (33 f i s h ) .  The 

spec ies  appeared t o  be more o r  l e s s  evenly d i s t r i b u t e d  between 

the  t h r e e  lagoons.  Offshore d i s t r i b u t i o n  p a t t e r n s  w e r e  not  evi

den t .  However, t he  spec ies  was never captured wi th in  the  s u r f  

zone. 

Barred sand bass averaged 187 mm i n  t o t a l ’  l eng th ,  with i n d i 

v idua l s  f a l l i n g  within the  26 t o  413 nun s i z e  range (Figure 6.5-6). 

A l l  o f f sho re  specimens w e r e  mature a d u l t s ,  while both small  juve

. n i l e s  and a d u l t s  were present  i n  lagoon a reas .  

No barred sand bass eggs o r  l a rvae  w e r e  i d e n t i f i e d  i n  plank

t o n  samples (Section 6 . 4 . 5 . 4 ) ,  al though l a rvae  i d e n t i f i e d  a s  

0 Paralabrax s p  wcre noted during J u l y  and September. S m a l l  juve

nilcs were a l s o  present  i n  lagoon areas during June and August. 

The d a t a ,  a s  such, would i n d i c a t e  a spring/surmner spawning season 

f o r  t h i s  bass .  Collyer and Young (6-456) repor ted  s i m i l a r  f i n 

dings , noting spawning a c t  i v  i.ty from Apri l  through September. 

6 .5 .4 .12  S e r i p h u s  p o l i t u s  (queenf i s h )  . Queenf i s h  were t h e  s i x t h  

most abundant species  captured (1662 specimens) during t h e  pro

gram. T h i s  spec ies  was present  i n  samples every month during t h e  

yea r .  Peak ahundances were noted during March (468 f i s h ) ,  May 

(242 f i s h )  and September (381 f i s h ) .  Landings during tht5 win te r  

months were genera l ly  q u i t e  low. Queenfish were taken ir. much 

l a r g e r  numbers from of fshore  a r e a s  (1464 f i s h )  than i n  t1.e la 

goons (198 f i s h ) .  Offshore,  t h e  f i s h  w a s  common i n  a l l  s r e a s ,e 
808321 
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including the surf zone. Within the lagoons, this sciaenid was 

much more abundant in the upper lagoon area ( 1 7 6  fish). Few 

specimens were obtained from the outer and middle lagoon nekton 

collections. They were, however, collected in impingement sam

ples from the outer lagoon (Section 7 . 0 ) .  

Specimens ranged in size from 26 to 276 mm, yielding an 

average total length of  140 mm (Figure 6 . 5 - 8 ) .  Although both 

offshore and lagoon catches contained fishes within a similar 

size range, smaller juveniles comprised a much greater proportion 

of the lagoon nekton catch. Small juveniles ( < 7 5  mm) were rela

tively abundant during the summer months. 


Larval queenfish were present in both lagoon and offshore 

areas during January, April, July, August and September (Section 

6 . 4 . 5 . 5 ) .  Other investigators have previously reported spawning 

to occur from April through August ( 6 - 4 5 7 ,  6 - 4 5 8 ) .  Our data 

suggest a more extended spawning period, with a possible second 

spawning season during winter. 

6.5.4.13 Cynosc ion  riobilis (white seabass) . Only 15 white seabass 

w e r e  captured during the entire nekton program. At least one 

fish was captured each month, except during January, April and 

October. In the lagoons, six specimens were taken; offshore, 

only nine were taken. Landings were too small to observe any 

seasonal or spatial distribution patterns. 

Individual seabass ranged from 7 9  to 500 mm in total length 

(Figure 6 . 5 - 7 ) .  The average total length for all specimens was 


259  mm. No mature adults were captured. 
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Larval w h i t e  seabass were c o l l e c t e d  both of fshore  and i n  t h e  

lagoons during June and September plankton c o l l e c t i o n s  (Section 

6 . 4 . 5 . 5 ) .  These da ta  a r e  cons i s t en t  with t h e  f ind ings  of Thomas 

( 6 - 4 5 9 ) , w h o  reported spawning a c t i v i t y  from March through August. 

6 . 5 . 4 . 1 4  Menticirrhus u n d u l a t u s  (Cal i forn ia  corbina) . With 558 

specimens captured, t he  Cal i forn ia  corbina ranked eleventh i n  

o v e r a l l  abundance. This spec ies  was observed t o  occur every 

month of t he  year i n  t h e  study a r e a .  The sc iaenid  appeared t o  be  

most  abundant during t h e  f a l l .  Peak abundances were observed 

Jur ing  September ( 1 0 4  specimens) and November (144 specimens) . 
kbundances were reduced during the  l a t e  winter and spr ing  months. 

Re la t ive ly  few corbina were taken wi th in  the  lagoon system ( 1 8

0 f i s h ) .  The major i ty  of f i s h  were landed from t h e  su r f  zone co l 

l e c t i o n s  (498  f i s h ) .  

With an average t o t a l  length of 208 mm, corbina specimens 

ranged i n  s i z e  from 50 t o  695 mi (Figure 6 . 5 - 8 ) .  Small j u v e n i l e s  

were abundant during t h e  l a t e  summer and e a r l y  f a l l .  

Larvae w e r e  captured during J u l y ,  August and September, 

i nd ica t ing  a summer spawning season (Section 6 . 4 . 5 . 5 ) .  F i t c h  and 

Lavenberg ( 6 - 4 6 0 )  and Feder e t  a l .  ( 6 - 4 6 1 )  r e p o r t  s i m i l a r  f i nd 

ings f o r  t h i s  spec ies .  

6 . 5 . 4 . 1 5  Genyonernus l i n e a t u s  (white croaker)  . White croaker w a s  

the twe l f th  most abundant f i s h  captured i n  t h e  study. IT:a l l ,  

462 specimens w e r e  taken. Ind iv idua ls  were observed i n  co l l ec 

t i o n s  each month, however, abundance was genera l ly  great6 r during 
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t he  spr ing  and summer. Maximum numbers. were obta ined  during 

March (173 f i s h )  and A p r i l  (109 f i s h )  landings.  Although common 

i n  the  ou te r . and  upper lagoons,  approximately 72 pe rcen t  of t h e  

t o t a l  landings were from of fshore  a reas .  Only one specimen w a s  

co l l ec t ed  i n  the  middle lagoon and four  i n  t h e  s u r f  zone. 

White croaker specimens va r i ed  from 24 t o  253 mm i n  t o t a l  

l ength  (Figure 6 .5-9) .  The average t o t a l  l ength  f o r  a l l  ind iv id

ua l s  examined was 126  mm. Although f i s h  of a l l  s i z e s  were cap

tured from of fshore  a r e a s ,  lagoon specimens were a l l  very young 

juven i l e s  ( 2 4  t o  7 4  m t o t a l  l eng th ) .  Young-of-the-year w e r e  

common during March, A p r i l ,  May and June. 

Larval croaker were noted during s i x  months: January,  Feb

ruary ,  A p r i l ,  May, June, and Ju ly  (Section 6 . 4 . 5 . 5 ) .  Maxwell 

(6-462) and Goldberg ( 6 - 4 6 3 )  a l s o  repor ted  similar r e s u l t s ,  

showing t h a t  spawning occurred throughout most of t h e  year .  

6 .5 .4 .16  Roncador stearnsi ( spot f  i n  croaker) . One hundred' eleven 

s p o t f i n  croakers were captured i n  t h e  sampling program. This 

spec ie s  ranked a s  t h e  twenty-seventh most abundant f i s h  taken and 

was represented i n  every monthly c o l l e c t i o n .  I n  g e n e r a l ,  t h i s  

sc iaenid  was more numerous during t h e  summer months. Maximum 

abundances were observed during June (21  specimens),  J u l y  (19 

specimens) and August (29  specimens).  Minimum landings  w e r e  

noted during t h e  win te r .  

Catch da ta  i n d i c a t e  t h e  s p o t f i n  croaker  i s  p r imar i ly  an 

inshore spec ies .  Only one f i s h  was taken from t h e  o f f shore  a r e a ,  

O O Q 3 2 4  
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and t h i s  w a s  co l l ec t ed  a t  a 25-foot depth s t a t i o n .  Eight croa

kers  were a l s o  obtained from t h e  sur f  zone. I n  a l l ,  102 spec i 

mens w e r e  captured wi th in  Agua Hedionda Lagoon. The f i s h  

was common i n  the outer  and upper lagoons.  Few, however, w e r e  

taken from t h e  middle lagoon a rea .  

I n  l eng th ,  ind iv idua ls  ranged from 180 t o  690 mm (Figure 

6 . 5 - 9 ) .  The average t o t a l  length w a s  r e l a t i v e l y  l a r g e  (375 m m ) ,  

w i t h  most specimens being mature a d u l t s .  No e a r l y - s t a t e  juve

n i l e s  w e r e  captured from e i t h e r  of fshore  o r  lagoon a r e a s .  L a r 

vae,  however, were taken i n  both a reas  during January,  February,  

May, August and September (Section 6 .4 .5 .5 ) .  These da t a  suggest 

a more extensive spawning than repor ted  by o the r  workers. 

Skogsberg (6-464) claimed t h e  s p o t f i n  t o  be a summer spawner. 

Our da t a  suggests  t h e  poss ib l e  ex is tence  of an a d d i t i o n a l  win ter  

spawning per iod.  

6 .  5.  4 .  1 7  A m p i l i s t  icl~u..;J J Y p 1 1 t t Y J . G  (barred surfperch)  . The barred 

surfperch was the  four teenth  most abundant nekton spec ies  captur

ed. Of t h e  429 t o t a l  specimens, none w e r e  taken from lagoon 

waters .  The majori ty  of f i s h  c o l l e c t e d  (416 specimens) w e r e  

obtained from sur f  zone c o l l e c t i o n s .  None were captured f a r t h e r  

of fshore  than t h e  25-foot depth zone. This  surfperch was p resen t  

i n  every monthly c o l l e c t i o n .  Maximum landings w e r e  observed 

during November, when 240 f i s h  were captured.  Minimum catches 

were noted during March (2 specimens).  
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Barred sur fperch  ranged i n  s i z e  from 63 t o  310 rm~1and y i e l d - a 
ed an average t o t a l  l ength  of 144 mm (Figure 6.5-10).  Very young 

specimens (60 t o  80 mm) were captured during May c o l l e c t i o n s .  No 

s p e c i f i c  da t a  on spawning, however, was obtained during t h e  pro

gram. T r i p l e t t  (6-465) repor ted  t h a t  mating occurs from November 

through January.  A s  i s  t r u e  of o the r  sur fperches ,  t h i s  fish i s  

viviparous and l i v e  young a r e  re leased  following a f i v e  month 

g e s t a t i o n  pe r iod .  

6 .  5.4 .18 Hyperprosopon , I  r ~ ~ ~ t r c z r n(walleye surfperch)  . This  spec ies  

ranked as the  seventh most abundant f i s h  captured i n  t h e  e n t i r e  

nekton program (1358 specimens).  Walleye sur fperch  w e r e  taken 

during every month, p r imar i ly  from t h e  sur f  zone. Although 124 

f i s h  were captured i n  Agua Hedionda Lagoon, few were c o l l e c t e d  

from t h e  middle and upper lagoon waters .  Offshore c o l l e c t i o n s  

showed t h i s  f i s h  t o  be common throughout t h e  o f f shore  s tudy area. 

Maximum abundance w a s  noted during November, when 943 f i s h  w e r e  

taken.  Smaller abundance peaks occurred during June (119 spec i 

mens) and J u l y  (129  specimens).  

Walleye sur fperch  captured var ied  from 48 t o  210 rmn i n  t o t a l  

length (Figure 6.5-10).  The average s i z e  f o r  a l l  specimens w a s  

1 2 6  mni. No diEferences i n  s i z e  d i s t r i b u t i o n  w e r e  noted between 

of fshore  and lagoon a r e a s .  Adults and j u v e n i l e s  w e r e  taken i n  

both reg ions .  

Females bear ing young were captured i n  Apr i l  and May. 

Recently born j u v e n i l e s  w e r e  abundant during May, June and July. 
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0 These f ind ings  a r e  cons i s t en t  w i t h  a repor ted  October-December 

mating season followed by a f i v e  t o  s i x  month g e s t a t i o n  per iod 

( 6 - 4 6 6 ,  6-467).  

6 . 5 . 4 . 1 9  C y m d t t o y a s t e r  a y g r e q a t a  ( sh iner  surfperch)  . The sh iner  

surfperch was captured during every monthly c o l l e c t i o n  and taken 

from a l l  genera l  sampling a reas .  I n  a l l ,  896 f i s h  were co l l ec 

t ed ,  making t h i s  surfperch t h e  n i n t h  most abundant nekton spec ies  

captured. Overall  abundances were g r e a t e s t  during spr ing  and 

summer, lowest during win ter .  The major i ty  of f i s h  w e r e  n e t t e d  

from t h e  lagoon environments. Middle lagoon c o l l e c t i o n s  y ie lded  

the  l a r g e s t  ca tch  (609 f i s h ) ,  while only 14 surfperch w e r e  ob

ta ined  f r o m  t h e  ou te r  lagoon. Two hundred th ree  sur fperch  were 

landed from t h e  upper lagoon waters.  Offshore catches w e r e  i n 

cons i s t en t  and a t  r e l a t i v e l y  low l e v e l s .  Fish w e r e  no t  captured 

t h e r e  o r  i n  t h e  surf  zone during t h e  win ter  months. 

Specimens ranged i n  s i z e  from 35 t o  166  nun, having an aver

age t o t a l  l ength  of 106 rmn (Figure 6.5-11).  Young juven i l e s  

(35 t o  75 mm) w e r e  common during Apr i l ,  May and June. Females 

bear ing young were a l s o  taken from inshore a reas  during Apr i l  

and May. According t o  o the r  i n v e s t i g a t o r s ,  sh ine r s  m a t e  o f f sho re  

during spr ing  and summer, with most young being r e l eased  by June 

and July (6-468, 6-469). 

6 . 5 . 4 . 2 0  Mugi1 cephalus ( s t r i p e d  m u l l e t ) .  With 231 ind iv idua l s  

captured,  t h i s  spec ies  ranked seventeenth i n  t o t a l  nektor. abun

0 dance. S t r iped  mullet  were ev ident  during each monthly 
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c o l l e c t i o n ,  but appeared t o  be most numerous during t h e  f a l l /  

win ter  per iod .  Maximum landings were recorded during December 

when 72 f i s h  w e r e  taken. 

No mullet  were captured a t  the  of fshore  s t a t i o n s ,  and only 

20 were taken from t h e  sur f  zone. Most s t r i p e d  mul le t  w e r e  co l 

l e c t e d  from the  inshore lagoon waters .  The f i s h  appeared t o  be 

somewhat l e s s  abundant i n  t h e  o u t e r  lagoon ca t ches ,  w i th  only 2 1  

specimens obtained.  Col lec t ions  i n  t h e  middle and upper lagoons 

were 9 1  and 99 f i s h ,  r e s p e c t i v e l y .  

S t r iped  mullet  averaged 418 mm i n  t o t a l  l eng th ,  wi th  s p e c i 

mens ranging from 28 t o  650 nun (Figure 6.5-11).  Young (25 t o  30 

mm) were taken only during December nekton c o l l e c t i o n s  from t h e  

lagoons.  Eggs, however, were repor ted  from both o f f s h o r e  and 

lagoon a reas  during September through December and during Febru

a r y  (Sect ion 6 . 4 . 5 ) .  These d a t a  i n d i c a t e  a somewhat ex tens ive  

spawning season, through t h e  f a l l  and win ter  months. 

6 .5 .4 .21  Pimelometopon p u l c h r u m  (Ca l i fo rn ia  sheephead).  Only t h r e e  

Ca l i fo rn ia  sheephead w e r e  captured during t h e  e n t i r e  sampling 

program. One f i s h  was captured i n  September, t h e ' o t h e r  two, 

during November. A l l  t h r e e  f i s h  w e r e  captured a t  o f f shore  s t a 

t i o n  F-50. It i s  not  s u r p r i s i n g  t h a t  t h i s  spec ies  w a s  n o t  taken 

i n  g r e a t  abundance, s'lnce i t s  primary h a b i t a t s ,  ke lp  beds and 

rocky-reef a r e a s ,  were n o t  specifically sampled during t h i s  

program. Data w a s  i n s u f f i c i e n t  t o  examine s p e c i f i c  temporal/  

s p a t i a l  p a t t e r n s .  
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'The three specimens measured 205, 230 and 290 mm i n  t o t a l  

l ength ,  r e spec t ive ly .  Eggs were noted occurr ing  only during the  

Apr i l  plankton c o l l e c t i o n s ,  suggesting a sp r ing  spawning (Section 

6 . 4 . 5 ) .  

6 .5 .4 .22 Heterostichus ros tra tus  (g i an t  kelpf  i s h )  . During t h e  nek

con sampling.program, 156 g i a n t  k e l p f i s h  w e r e  c o l l e c t e d .  The 

fish were taken during every monthly c o l l e c t i o n .  Seasonal f l u c 

tua t ions  i n  abundance w e r e  no t  marked enough t o  e x h i b i t  any 

d e f i n i t e  p a t t e r n s .  The majori ty  of k e l p f i s h  were captured from 

Agua Hedionda Lagoon. Greatest  numbers were obtained from t h e  

n idd le  lagoon (85 f i s h )  and the  l e a s t ,  from t h e  upper lagoon (17 

f i s h ) .  Only one specimen w a s  taken from t h e  sur f  zone and four  

were co l l ec t ed  of fshore  a t  s t a t i o n  C-25. 

Specimens ranged i n  s i z e  from 28 t o  274 mm, y ie ld ing  an 

average t o t a l  l ength  of 118 mm (Figure 6.5-12) .  Young (25 t o  75 

m) were taken from February through J u l y ,  only i n  lagoon 2reas .  

Larvae were c o l l e c t e d  of fshore  during February and both of fshore  

and from t h e  lagoons during June (Sect ion 6 . 4 . 5 . 6 ) ,  suggesting a 

l a t e  winter  and e a r l y  summer spawning. Previous i n v e s t i g a t o r s  

reported t h a t  spawning occurs during t h e  March-July per iod (6

4 7 0 ,  6-471). 

6 .5 .4 .23  Par'3l icIl thy.5 ca.Zi Fornicus (Cal i forn ia  h a l i b u t )  . Cal i fo rn ia  

h a l i b u t  ranked t e n t h  i n  o v e r a l l  abundance, wi th  741 specimens 

during t h e  1979 c o l l e c t i o n s .  Hal ibut  w e r e  captured du r i rg  every 

month of t h e  y e a r .  Summer and f a l l  t o t a l  landings were cn ly  
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s l i g h t l y  l a r g e r  than those obtained during sp r ing .  Winter land

ings were reduced r e l a t i v e  t o  o t h e r  seasons.  The s i n g l e  l a r g e s t  

monthly h a l i b u t  ca t ch ,  however, occurred during March, when 94 

f i s h  w e r e  taken. 

Greater  numbers of C a l i f o r n i a  h a l i b u t  were captured from t h e  

lagoons (501 f i s h )  than from o f f shore  (240 f i s h )  waters. O f f 

shore ,  t h e  h a l i b u t  appeared t o  be most  abundant a t  t h e  25-foot 

depth loca t ions .  Within Agua Hedionda Lagoon, t h i s  f i s h  w a s  

found t o  be much more abundant i n  the  upper lagoon ( 3 4 2  f i s h )  and 

l e a s t  abundant i n  t h e  middle lagoon (45 f i s h ) .  

Differences i n  seasonal  abundance p a t t e r n s  w e r e  noted be

tween o f f shore  and lagoon a r e a s .  Offshore,  h a l i b u t  abundances 

appeared t o  be  much g r e a t e r  during the  f a l l .  M i n i m u m  abundances 

were ind ica ted  during t h e  win ter  months. I n  t h e  lagoons,  however, 

t h e  h a l i b u t  catches were g r e a t e s t  during spr ing  and summer. 

Minimum t o t a l  seasonal landings occurred during t h e  f a l l  w i t h i n  

the  inshore system. 

'Hal ibut  specimens ranged i n  s i z e  from 8 t o  690 mm t o t a l  

l ength  (Figure 6.5-12).  Lagoon f i s h  (151 m average length)  w e r e  

considerably smaller  than those  taken of fshore  (266 mm average 

l e n g t h ) .  Juveni les  ( ~ 5 5mm t o t a l  length)  were common inshore  

during the January through June pe r iod .  A few j u v e n i l e s  w e r e  

a l s o  captured during September and November c o l l e c t i o n s .  

Ichthyoplankton d a t a  (Sec t ion  6 . 4 . 5 . 8 )  i n d i c a t e  spawning 

a c t i v i t y  during win te r ,  sp r ing  and s m e r .  These f ind ings  a r e  

cons i s t en t  with those  of F r e y  (6-472).  
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6 . 5 . 4 . 2 4  C i t h a r i c h t h y s  s o r d i d u s  (Pacific sanddab) . Only 13 Pacific 

sanddab were captured during the nekton sampling program. All 

were taken from offshore sites during January, March, June and 

October collections. Maximum numbers were noted during March, 

when nine sanddabs were collected. Extremely low abundances in 

the nekton landings prevent conclusions concerning seasonal/ 

temporal distribution patterns for this species. 

Specimens ranged in size from 42 to 182 mm, yielding an 

average total length of 99 nnn. 

No specific information was obtained concerning spawning 

seasons for this species. 

0 6.5.4.25 C i t l i a r i c h t h y s  stiymaeus (speckled sanddab). The speckled 

sanddab was the most abundant flatfish captured during 1979. 

With 1057 individuals landed, this species ranked eighth in 

total nekton abundance. Although present year-round, the sand-

dab was found to be most abundant during the f a l l .  Abundance 

maximums were noted during October and November when 201 and 232 

fish were netted, respectively. Minimum abundances occurred 

during the winter months. 

Speckled sanddab appeared to be a primarily offshore spe


cies, with only two specimens being taken from Agua Hedionda 

\ 

Lagoon. All offshore sanddabs were taken at 25 and 50-f.2ot 

station depths in approximately equal abundance. However, 

greater numbers were landed upcoast from the Power Plant's 
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discharge  ( s t a t i o n s  A-50 and C-25) than downcoast ( s t a t i o n s  

F-50 and G-25). 

Ind iv idua ls  var ied  from 40 t o  180 mm i n  t o t a l  l eng th  (Figure 

. 	 6.5-13). Average t o t a l  l ength  f o r  nekton specimens captured w a s  

102 mm. Juveni le  sanddabs (<80 mm) were taken during January,  

February,  June, Ju ly  and September through December. No eggs 

were s p e c i f i c a l l y  i d e n t i f i e d  f o r  t h i s  spec ies  (Sect ion 6.4.5.8). 

Larvae,  however, were c o l l e c t e d  during September, i n d i c a t i n g  

summer spawning. F i t ch  and Lavenberg (6-473) have r epor t ed  

spawning t o  occur f o r  t h i s  spec ies  from Apr i l  through September. 

6.5.4 26 Pleuronichthys ver t i ca l i s  (hornyhead tu rbo t )  . Hornyhead 

tu rbo t  were captured during every monthly nekton c o l l e c t i o n  

performed i n  t h e  1979 s tudy.  In  a l l ,  1 7 2  i nd iv idua l s  were cap

t u r e d ,  pr imar i ly  from o f f shore  areas. Only four  specimens w e r e  

obtained i n  Agua Hedionda Lagoon c o l l e c t i o n s .  Temporal abun

dance remained e s s e n t i a l l y  unchanged during t h e  sp r ing ,  summer 

and f a l l .  Winter ca tches ,  howevever, dropped t o  low l e v e l s .  

January and February landings were t h r e e  and two i n d i v i d u a l s ,  

r e s p e c t i v e l y .  Hornyhead tu rbo t  appeared t o  be equal ly  abundant 

No depth- re la ted  d i f f e r e n c e s  i n  d i s a t  a l l  of fshore  s t a t i o n s .  


t r i b u t i o n  were noted i n  t h i s  reg ion .  


Specimens ranged from 40 t o  304 m, yie ld ing  an average 

t o t a l  l ength  of 203 rnm (Figure 6.5-13). S m a l l  j u v e n i l e s  (<lo0 

mm) were only taken during May c o l l e c t i o n s .  Eggs w e r e  ob ta ined  

year-round i n  ichthyoplankton c o l l e c t i o n s  (Section 6.4.5.9), 
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ind ica t ing  a year-round spawning f o r  t h e  hornyhead t u r b o t .  Budd 

(6-469), however, repor ted  the  occurrence of spawning only during 

the  March through August per iod.  

6 .  5 . 4 .  27 / i t j / ’s l>J>:; t”t t i ig u t - t u l a t , ,  (di.smond tu rbo t )  . ‘ One hundred 

t h i r t e e n  diamond turbot  were captured i n  the  nekton c o l l e c t i o n s .  

Ind iv idua ls  were taken during every monthly c o l l e c t i o n .  No 

seasonal d i f f e rences  i n  abundance were evident from t h e  d a t a .  

In  terms of s p a t i a l  d i s t r i b u t i o n ,  g r e a t e r  numbers were taken from 

lagoon waters (92 specimens) than from of fshore  ( 2 1  specimens). 

Within the  lagoon system, the  turbot  appeared t o  be much more 

abundant i n  the  upper lagoon a reas .  Offshore,  t h e  spec ies  w a s  

more numerous a t  t h e  shallower s t a t i o n s  (25-foot depths) .  No 

indiv idua ls  were captured from t h e  su r f  zone, 

Diamond turbot  specimens ranged from 6 t o  369 xmn and aver

aged 196 mm i n  t o t a l  l ength  (Figure 6.5-14).  Small j uven i l e s  

were captured only during January,  March, June, July and August; 

and then i n  only minor abundances. Plankton da ta  i n d i c a t e  spawn

ing during the  October-March per iod (Section 6 . 4 . 5 . 9 ) .  S d i d a  

e t  al. (6-475), however, only repor ted  spawning a c t i v i t y  f o r  t h i s  

species  during t h e  sp r ing .  

6 . 5 . 5  Non-Crit ical  Species 

Non-cr i t ical  spec ie s  accounted f o r  only four  percent  (2814 

specimens) of t h e  t o t a l  1979 nekton ca t ch  (Figure 6.5-1).  Inclu

ded wi.thin the  n o n - c r i t i c a l  category w e r e  64 f i s h  spec ies  (2558 

speci-mens) and 1 7  i n v e r t e b r a t e  spec ies  (256 specimens).  I n  terms 

of r e l a t i v e  abundance, t h e  most numerous of t h e s e  w e r e  t h e  
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yellowfin croaker  ( 4 3 5  specimens), opaleye (247 specimens),  white  a 

sur fperch  (199 specimens), longf in  sanddab (187 specimens) and 


salema ( 1 3 0  specimens). Due t o  t h e i r  r e l a t i v e l y  minor contr ibu 


t i o n  t o  t h e  nekton c a t c h  and f o r  reasons ou t l ined  i n  Sec t ion  6 . 3 ,  


these  s p e c i e s  w i l l  not  be s p e c i f i c a l l y  analyzed i n  f u r t h e r  


d e t a i l .  


6 . 5 . 6  Col lec t ions  by Various Gear 

To ta l  nekton catches by beach s e i n e s ,  g i l l  n e t s  and o t t e r  

t rawls  are shown i n  Table 6.5-2.  To ta l  numbers of f i s h  species 

taken by each gear type a r e  presented i n  Table 6 . 5 - 3 .  Offshore 

and lagoon cont r ibu t ions  have a l s o  been included.  All f i s h  

captured and loca t ion  of  cap tu re  f o r  a l l  gear  types combined a r e  

shown i n  Table 6 . 5 - 4 .  Despite b i a s  i nhe ren t  t o  each sampling 

technique, 1 7  of t h e  27 t o t a l  c r i t i c a l l y  t r e a t e d  nekton spec ies  

were taken by a l l  t h r e e  types of gea r .  

Differences i n  abundance among d i f f e r e n t  gear  types and 

sampling a r e a s  shown do no t  n e c e s s a r i l y  r e f l e c t  a c t u a l  popula

t i o n  d i f f e r e n c e s .  Limitat ions which must be considered i n  analy

zing such d a t a  include s p e c i f i c  gear  s e l e c t i v e l y  and h ighly  non

random nekton d i s t r i b u t i o n s  ( 6 - 4 7 6 ) .  D i f f e r e n t  types of gear  

sample d i f f e r e n t  por t ions  of t h e  nekton populat ion.  S e l e c t i v i t y  

of each gear  type can vary apprec iab ly  wi th  r e s p e c t  t o  f i s h  s i z e ,  

age,  sex and spec ie s .  Closely t i e d  t o  th i s  are behavioral  fac

t o r s  which a f f e c t  nekton d i s t r i b u t i o n .  D i f f e r e n t  spec ie s ,  age 

groups,  e tc .  may e x h i b i t  d i s t i n c t i v e  s o l i t a r y  o r  schooling h a b i t s  

and migra t ions .  e 
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TABLE 6.5-2 
TOTAL NEKTON ABUNDANCES BY SAMPLING GEAR 

ENCINA POWER PLANT - AUGUST 1, 1980 

S a m p l i n g  G e a r  Location 

Beach Seine 	 Lagoon
O f f  shore 

G i l l  N e t  	 Lagoon
Offshore 

O t t e r  T r a w l  	 Lagoon
O f f  shore. 

N u m b e r  	of Fish C a p t u r e d
During 1979 

14,342 

36,069 


Tota l  - 50,411 


4,676 

1,575 


T o t a l  : 6,251 


2,378 

4,672 


Tota l  - 7,050 
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TABLE 6.5-3 
TOTAL NUMBER OF FISH SPECIES BY SAMPLING GEAR 

ENCINA POWER PLANT - AUGUST 1, 1980 

Sampling Gear 

Beach Seine 

G i l l  Net 

Ot te r  Trawl 

To ta l  Number 

Location 
Number of 
Species Col lec ted  

of Species
Captured 

49 
Lagoon
Offshore 

39 
25 

55 
Lagoon
O f f  shore 

31 
47 

61 
Lagoon
Offshore 

35 
49  
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T h e r e  a r e  add i t iona l  cons idera t ions  t o  be taken i n t o  account 

when examining the  data  presented i n  Tables 6 .5-2  and 6.5-3.  

Shorter  beach se ines  and o t t e r  t rawls  w e r e  used t o  sample lagoon 

populations than were used of fshore  (Appendix Sect ion 16 .2 .2 ) .  

iIl.so, t h e  t o t a l  numbers l i s t e d  do not  r e f l e c t  d i f f e rences  i n  t h e  

nuniber of s t a t i o n s  sampled by each gear  t y p e .  A l l  of t he  above 

l i m i t a t i o n s  impose a degree of b i a s  t o  t h e  da ta  which must be 

considered i n  the  ana lys i s  of nekton d a t a  obtained during t h e  

study . 

6 . 5 . 7  Comparisons of Lagoon and Offshore 

A t o t a l  of 69 f i s h  spec ies  (6038 ind iv idua l s )  were c o l l e c t e d  

a t  o f f shore  t rawl  and g i l l  n e t  s t a t i o n s  during t h e  s tudy.  O f  t h e  

t o t a l  nekton ca tch ,  31 f i s h  spec ies  w e r e  unique t o  the  of fshore  

loca t ions  (Table 6 .5-5) .  Only two of t h e s e ,  t h e  P a c i f i c  sanddab 

(Ci thar ich thys  sordidus) and Ca l i fo rn ia  sheephead (Pimelometopon-
pulchrum) , were designated " c r i t i c a l  species" .  

Hierarch ica l  c l a s s i f i c a t i o n  (dendrograms and two-way t a b l e s )  

was used i n  comparing t o t a l  nekton ca t ch  a t  a l l  s i tes  sampled 

(Appendix Figures  16.3-17 and 16.3-18 and Appendix Table 16.3

3 4 ) .  Nekton landings a t  t h e  four  o f f shore  s i tes  (excluding surf 

zone) d i f f e r e d  somewhat from one another .  S t a t i o n  F-50 was t h e  

most unique of  the of fshore  l o c a t i o n s .  This  was t o  be expected 

s i n c e  t h e  bottom a t  t h i s  s t a t i o n  d i f f e r e d  frqm t h a t  a t  t h e  o the r  

s t a t i o n s  s a m p l e d .  Trawls at s t a t i o n  F-50 o f t e n  snagged on sub

merged rocky-reef a r e a s .  Sea fans  and sea  whips, c h a r a c t e r i s t i c  

of t h i s  type of s u b s t r a t e ,  w e r e  o f t e n  abundant i n  t rawl  samples 

. .  
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TABLE 6.5-5 

NEKTON SPECIES UNIQUE TO OFFSHORE TRAWL 


AND GILL NET STATIONS 

ENCINA POWER PLANT - AUGUST 1, 1980 

SCIENTIFIC NANE 
_--
S q u a l  ils a c a n t h i a s  
Squa t i n a  c a l i f  orni ca 

A l o p i a s  v u l p i n u s  

P l a  t y r h i n o i d i s  t r i s e r i a t a  

R h i n o b a t o s  p r o d u c t u s  

Rrq-ja b i n o c u l a t a  

R a j a  i n o r n a  t a  

S a r d i n o p s  s a g a x  c a e r u l  e u s  

S y n o d u s  1u c i o c e p s  

0 t o p h i  d i  um scri p p s i  

S e b a s t e s  s e r r a n o i d e s  

E p i n e p h e l  u s  n i  vea  t u s  

Caul  o l a  t i l u s  p r i n c e p s  

T r a c h u r u s  s y m m e t r i c u s  

D e c a p t e r u s  hypodus  

Rhacoch i  1u s  t n x o  tes  

H y p e r p r o s o p o n  el 1ip ticum 

Chromis  p u n c t i p i n n i s  

P i  me1o m t o p o n  p u l  chrum .t 

H a l i c h o e r e s  s e m i c i n c t u s  

Gib b o n s i a  e l  c g a n s  

Scombcr j a p o n i c u s  

S a r d a  ch-iliensis . 


Pcpri.1us s i m i l  1i m u s  

x!/st r e u s y s  1io1epis  

H.i ppogloss i  na s toma t n  

Citha r i  c*hthys xa  nthos t.iyma 

C i.t-h?r i c h  th y s  sordid u s t  

P.1 e u  imni  c l r t h y s  d e c u r r e n s  

1'1 tw x-onicht h y s  c o e n o s u s  
?'a l ~ o p I l r ! r svt?tul u.c 

COIGfON NAME 

Spiny dogfish 

P a c i f i c  angel shark  

Common th re she r  

Thornback 

Shovelnose g u i t a r f i s h 

Big s k a t e  

Cal i fo rn ia  s k a t e  

P a c i f i c  s a r d i n e  

Cal i fo rn ia  l i z a r d f i s h  

Basketweave cusk-ee l  

Olive rock f i sh  

Snowy grouper 

Ocean w h i t e f i s h  

Jack mackerel 

Mexican scad 

Rubber 1i p  s u r f  perch 

S i l v e r  sur fperch 

Blacksmith 

C a l i f o r n i a  sheephead

Rock wrasse 

Spotted k e l p f i s h 

P a c i f i c  mackerel 

P a c i f i c  boni to  

P a c i f i c  b u t t e r f i s h  

F a n t a i l  s o l e  

Bigmouth s o l e  

Longfin sanddab 

P a c i f i c  sanddab 

C u r l f i n  t u r b o t  

C-0 t u r b o t  

English s o l e  


? Denotes c r i t i c a l l y  t r e a t e d  s p e c i e s .  
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a a t  s t a t i o n  F-50. Accordingly, a number of f i s h  spec ies  w e r e  

taken a t  s t a t i o n  F-50 t h a t  were not  captured a t  o t h e r  s t a t i o n s .  

Species unique t o  t h i s  l oca t ion  included: zebraperch, ocean 

wh i t e f i sh ,  Mexican scad, rock wrasse,  Ca l i fo rn ia  sheephead 

( c r i t i c a l  s p e c i e s ) ,  C-0 t u r b o t ,  c u r l f i n  t u r b o t ,  o l i v e  rock f i sh  

and black c roaker .  Most of these  frequent  ke lp  bed rocky-reef 

a r e a s .  The o the r  s t a t i o n s  sampled (A-50, C-25 and G-25) were 

located i n  sandy bottom a reas .  

I n  terms of depth comparison, g r e a t e r  t o t a l  numbers of f i s h  

were c o l l e c t e d  a t  25-foot s t a t i o n s  (3164 f i s h )  than a t  50-foot 

s i t e s  (1900 f i s h ) .  Spec ies  composition a l s o  d i f f e r e d  somewhat 

between depths .  Hierarchical  ana lys i s  i nd ica t ed  a g r e a t e r  s i m i 

0 l a r i t y  between s t a t i o n s  of the same depth than between those of 

d i f f e r e n t  depths (Appendix Figure 16.3-18).  Forty of t h e  s i x t y -

nine o f f shore  f i s h  spec ies  co l l ec t ed  w e r e  taken a t  both depths 

(Appendix Table 16.3-34).  Sixteen f i s h  spec ie s  were taken only 

a t  25-foot s t a t i o n s ,  and t h i r t e e n  only a t  50-foot s t a t i o n s .  

Of t h e  23 c r i t i c a l l y  t r ea t ed  spec ies  captured of fshore  

(excluding su r f  zone),  

s t a t i o n s  (Table 6 .5 -6 ) .  

s p o t f i n  c roaker ,  barred 

found a t  25-foot depth 

o n l y  c r i t i c a l l y  t r e a t e d  

1 7  were present  a t  both 25 and 50-foot 

Deepbody anchovy, s taghorn scu lp in ,  

surfperch and g i a n t  k e l p f i s h  w e r e  only 

a r e a s .  The C a l i f o r n i a  sheephead w a s  t h e  

spec ies  unique t o  t h e  deeper water 

s t a t i o n s .  Only t h r e e  ind iv idua ls  w e r e  t aken ,  a l l  f r o m  t h e  rocky-

reef  a rea  a t  s t a t i o n  F-50. This spec ies  i s  common i n  ke lp  bed 

0 and reef a reas .  
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TABLE 6.5-6 
DEPTH DISTRIBUTION OF CRITICALLY TREATED 

NEKTON SPECIES TAKEN OFFSHORE 
ENCINA POWER PLANT - AUGUST 1, 1980 

Present  a t  Present  a t  S t a t i o n  Depth of 
25-fOOt 5O-fOOt Major Abundance 

SPECIES S t a tions  S t a t i o n s  (Fee t )  

llrol o p h u s  ha11eri 
(Round s t ing ray )  
E i i q r d u l i s  m o r d a x  
(Northern anchovy) 
Anchoa compressa  
(Deepbody anchovy) 
A thcri n o p s  a ffinis 
(Topsmelt) 
S c o r p a e n a  g u t t a  t a  
(Sculpin)  
L e p t o c o t t u s  a r m a t u s  
(Staghorn scu lp in)  
Para1 a b i a x  cla t h r a  t u s  
(Kelp bass)  
p a r a l a b r a x  n e b u l i f e r  
(Barred sand bass)  
S e r i p h u s  p o l i t u s  
(Queenfish) 

Cyr iosc ion  nobi l is  
(White seabass)  
Men ticjr r h u s  undul  a t u s  
(Corbina) 
(;er~yonernus1inea t u s  
(White croaker)  
Roncador  stesrnsi 
(Spotfi n  croaker)  
Anipiiis t i c h u s  x g e n t e u s  
(Barred surfperch)  
Hyperprosop011 a r g e n t e u m  
(Wall eye s u r f  perch) 
f 'umtoqastt~rd g y r e g a  ta 
(Shiner  surfperch)  

X X 


X X 25 


X 

X X 25 

X X 

X 25 

X X 

X x 
X X 

X X 

X X 25 

X X 

X 25 

X 25 

X X 

X X 
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-- -- 

TABLE 6 . 5 - 6  (Concluded) 

-_--_--

P r e s e n t  a t  Present  a t  S t a t i o n  Depth of 
25-foot 5O-foot Major AbundanceSPECIES Sta t ions  S t a t i o n s  (Feet)  

!'ji me1o m e t o p n  p u l  clu-urn 
(Ca l i fo rn ia  sheephead) 
t l e t e r o s t i c h u s  rostratus 


(Giant ke lp f i sh )  
Para1ichthys c a l i f o r n i c u s  


(Ca l i fo rn ia  ha1i b u t )  
C i  t h a r j c h t h y s  s o r d i d u s  

( P a c i f i c  sanddab) 

::i t:iil I - iL*htIiys st igmacws 

(Speckled sanddab) 


X 50 


X 25 

X X 25 

X X 25 

x X 

x 


25 
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A t o t a l  of 25 f i s h  spec ies  (36,069 ind iv idua l s )  were co l 

l e c t e d  i n  the  su r f  zone a t  s t a t i o n s  B ,  C ,  E and N (Appendix Table 

6 .3-35) .  Six spec ies  (Pac i f i c  h e r r i n g ,  slough anchovy, Ca l i fo r 

n i a  n e e d l e f i s h ,  CaliEornia grunion, dwarf sur fperch  and s t r i p e d  

mul l e t )  were captured wi th in  t h e  s u r f  zone t h a t  w e r e  n o t  taken 

f a r t h e r  of fshore .  Of t hese ,  only P a c i f i c  h e r r i n g ,  C a l i f o r n i a  

n e e d l e f i s h  and dwarf sur fperch  w e r e  unique t o  t h e  su r f  s e i n e  

ca t ches .  The o the r  t h r e e  spec ies  were a l s o  found t o  be abundant 

w i th in  t h e  lagoon system. In  a l l ,  16  c r i t i c a l l y  t r e a t e d  spec ie s  

were co l l ec t ed  from t h e  su r f  zone. None of t hese  w e r e  considered 

unique t o  the  su r f  zone environment. Only C a l i f o r n i a  grunion,  

topsmel t ,  queenfish,  Ca l i fo rn ia  corb ina ,  barred sur fperch  and 

walleye surfperch were taken i n  major abundance. C a l i f o r n i a  

grunion landings i n  t h e  su r f  zone, however, completely dominated 

the  t o t a l  nekton ca tch  i n  1979.  This  spec ies  comprised t h e  most 

numerous f i s h  captured i n  the  su r f  (30,509 ind iv idua l s )  as w e l l  

a s  i n  t h e  e n t i r e  nekton i n v e s t i g a t i o n  (31,293 i n d i v i d u a l s ) .  

a.  

Hierarchica l  a n a l y s i s  (Appendix Figures 16.3-17 and 16.3-18 

and Appendix Table 16.3-34) i n d i c a t e s  d i f f e rences  i n  nekton 

ca tches  a t  the  four  d i f f e r e n t  sample loca t ions  i n  t h e  s u r f  zone 

( s t a t i o n s  B ,  C, E and N ) .  These d i f f e r e n c e s ,  however, appear 

t o  be  an a r t i f a c t  of sampling r a t h e r  than a c t u a l  populat ion d i f 

f e r e n c e s .  S t a t i o n  B ,  i nd ica t ed  t o  be  the  most unique, could only 

be sampled a s i n g l e  t i m e  during t h e  e n t i r e  program (Sect ion 1 6 . 2 .  

2 ,  Appendix B ) .  S t a t i o n  N ,  l i kewise ,  could n o t  be  sampled during 

f i v e  of t h e  r egu la r  monthly c o l l e c t i o n s .  However, t h i s  s t a t i o n ' s  a 
6-184 000348 



total catch did not differ greatly from total catches at stations 

C and E. Collections during the months in which sampling was not 

conducted at N, yielded relatively small catches at the other 

stations (C, E). Thus, from the data obtained, differences in 

nekton populations at the different surf zone stations are not 

readily discernable. Differences observed at B and N are prob

ably due to reduced sampling at these stations. 

A total of 5 4  fish species ( 2 1 , 3 9 6  individuals) were col

lected from Agua Hedionda Lagoon nekton stations during the 1979  

program. Of the total nekton catch, 15 fish species were unique 

to the lagoon landings (Table 6.5-7) .  Only one of these, the 

spotted sand bass, was a designated "critical species". With the 

exception of the gray smoothhound, cabezon, reef finspot and 

striped kelpfish, all can be considered to be characteristic 

lagoon species. Three of the fish, threadfin shad, California 

killifish and longjaw mudsucker, are typically freshwater spe

cies. These were only taken in the more inshore areas of the 

lagoon system in nekton collections and were not found to be 

present in the outer lagoon waters. A few were taken in impinge

ment samples in the outer lagoon (Section 7.0) .  

To facilitate the comparison of species composition in the 

f i s h  populations of the three lagoon areas, an index of similar

ity (S) was used ( 6 - 4 7 7 ,  6 - 4 7 8 ) .  The index was calculated 

according to the following equation: 

6-185 




TABLE 6 .5-7  

NEKTON SPECIES UNIQUE TO AGUA HEDIONDA LAGOON 


ENCINA POWER PLANT - AUGUST 1, 1980 


Species  

~ u s t e l 
u s  c a l i f o r n i c u s  
(Gray smoothhound) 
Dorosoma petenense 

(Threadfin shad) 
Fundu lus  p a r v i p i n n i s  

( C a l i f o r n i a  k i l l i f  i sh )  

S c o r p a e n i c h t h y s  marmora t u s  

(Cabezon) 
Para 1a b r a x  macula  t o fa s c i  a t u s  

(Spot ted sand bass)  
G i r e l l a  n i g r i c a n s  

(Opal eye) 

Hypsobl  enni u s  g e n t i  1i s  

(Bay blenny) 


H .  g i l b e r t i  

(Rockpool b 1enny) 


H .  j e n k l n s i  

(Mussel blenny) 
Parac.1 i n u s  i n t e g r i  p i n n i s  

(Reef f i n s p o t )  
Gibbons- ia  n e t z i  

(S t r iped  k e l p f i s h )  
Cobionell u s  l o n g i c a u d u s  

(Longta i l  goby) 

C ; i l l i c h t l i y s  m i r a b i l i s  
(Longjaw mudsucker) 
I . l ypnus  y i l b e r t i  

(Cheekspot goby) 


~ ? i l . i C ~ 
t : t l l i +  t:-cauda 
(Shadow goby) 

Lagoon Area of Capture 

Outer Middle Upper 

X 

X 

X X 

X 

X X X 

X X X 

X 

X 

X 

X 

X 

X 

X X 


X 

000350
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-- s = 2c
A + B  where 	A = number of spec ies  i n  sample A (1) 

B = number of spec ies  i n  sample B 
C = number of spec ies  common t o  

both samples 

Vhen determined i n  t h i s  manner, S values  may range from 0 ( i n d i 

ca t ing  no s i m i l a r i t y  i n  spec ies  composition) t o  1 ( ind ica t ing  

complete s i m i l a r i t y ) .  S i m i l a r i t y  ind ices  w e r e  c a l cu la t ed  t o  

compare the  t o t a l  annual species  compositions of f i s h  i n  t h e  

o u t e r ,  middle and upper sec t ions  of Agua Hedionda Lagoon. Values 

have been presented i n  a mat r ix ,  showing the  d i f f e r e n t  p a i r s  of 

comparisons examined (Table 6 .5-8) .  A l l  pos s ib l e  combinations 

were determined. 

From these  d a t a ,  i t  appears t h a t  t h e  t h r e e  s e c t i o n s  of Agua

@ Medionda Lagoon had very s imi l a r  t o t a l  spec ies  compositions.  

This i s  t o  be expected considering t h e  high degree of s i m i l a r i t y  

i n  the environments present  i n  the  t h r e e  sec t ions  of t he  lagoon. 

In  a l l ,  28 f i s h  species  were common t o  t h e  t h r e e  lagoon a reas  

(Table 6.5-9). 

These "common" spec ies  cont r ibu ted  approximately 79 percent  

of t he  t o t a l  lagoon nekton landings.  I n  terms of t h e  24 c r i t i 

c a l l y  t r e a t e d  spec ies  captured i n  Agua Hedionda Lagoon, 1 9  w e r e  

taken from a l l  t h r e e  lagoon a r e a s .  Sculpin,  speckled sanddab 

and hornyhead tu rbo t  w e r e  only noted i n  t h e  o u t e r  s e c t i o n  of t h e  

lagoon.  This i s  not  s u r p r i s i n g  s ince  these  are p r imar i ly  o f f 

shore,  r a t h e r  than lagoon f i s h  spec ie s .  Slough anchovies,  on the  

a other  hand, were common i n  both t h e  upper and middle lagoon 

a r e a s ,  but no t  taken from c o l l e c t i o n s  i n  t h e  o u t e r  lagoon. This 
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TABLE 6.5-8 

S I M I L A R I T Y  I N D I C E S  COMPARING TOTAL NEKTON S P E C I E S  COMPOSITION 


W I T H I N  S E C T I O N S  OF AGUA HEDIONDA LAGOON 

ENCINA POWER PLANT - AUGUST 1, 1980 


Outer 

Lagoon--I----

Outer  

Lagoon 0.73 0.76 


Nidd 1e 

Lagoon 0.73 


Upper

Lagoon 0 . 7 6  
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-- ----- ---- 

TABLE 6.5-9 
FISH SPECIES COMMON TO ALL THREE SECTIONS OF AGUA 

HEDIONDA LAGOON, ENCINA POWER PLANT - AUGUST 1, 1980 

S c i e n t i f i c  Name Common Name 
-_-- ________ 

Myli oba t.is califo r n i  ca 
-1-Urolophus A a l l e r i  

A nchoa compressa .1-

I,c?urcsthes t t ' n u i st 
A ther.i nops af fin i  s .t 
Syngna t h u s  1eptmrhync:hus 

Leptocot t u s  arm3 tu.5 .I-
T'sraLabi-ax c l a t h r ' a t u s  .I

-1 
1'. mac.-uJatofasciat u s  

P. n ~ l w ii fer
-1. 

.yeni s tr .iI i s  c'il11fori2 icnsi s 

A 11 i sot rtm I:; d;t viclsonij 
.!.

. G c ~ r . ip l i c ~ s  iw.7 i t r i s  
.I.

c : ~ ~ i o s ~ - i o r iric1b.i i.is 
. I .  

4lcntic:i rr!iiis undrila tus ' 
-1

c . ' ~ n i ~ n e m u s1inca tus 
-1

,?onc-adcr st~?i.lrns.i 

i;irc.ll.3 ii.ic!r-icans 

i o tor:^ ,jilcksani 
.!. 

I f  y ; I ( , >  r p  I-(-.L.'o pc?11 an q e r i  tf?i im  
.I. 

c.'t!IIk-i f c ~ c . 1 ' ~ ~ s t ~ ~ ' l - ta.3gtJrt?qL7 

! ' h i ~ i i ~ ~ i ~ c ~ i ~ ~ i ifu t-cd i'us 
1. 

?/ii!:.i! ~ x > j ! ! i . i! u s  

s i ! / l : l : ' . I t  '11;1 - 1l ' ( ~ t ~ I l t ~ t ' . J  
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B a t  ray  

Round s t ing ray  

Deepbody anchovy 

Cal i fo rn ia  grunion 

Topsmelt 

Bay p i p e f i s h  


Staghorn scu lp in  

Help bass 

Spo t t ed  sand bass 


Barred sand bass  

Salema 

Sargo 

Queenf i s h  


White seabass 

Cal i fo rn ia  corbina 

White  croaker  

Spo t f in  croaker  

Opaleye 

Black sur fperch  

Walleye sur fperch  

Shiner  sur fperch  

White sur fperch  

St r iped  mul le t  

Cal i fo rn ia  barracuda 

Giant: kelFfi s h  


Cheekspot goby 

Cal i fo rn ia  h a l i b u t  


Diamond tu rbo t 
-
+ Denotes c r i t i c a l l y  t r e a t e d  spec ie s .  

4300353
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spec ies  appears t o  be pr imar i ly  an inshore  s p e c i e s ,  which favors  a 
t h e  upper reaches of bays and lagoons.  Northern anchovy w e r e  not 

found wi th in  t h e  middle lagoon waters ,  bu t  w e r e  taken i n  both t h e  

outer  and upper sec t ions .  
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Some additional information concerning fish species occur

ring in the lagoon is presented in Section 7.0 (Impingement 

Study). 

To facilitate comparisons of relative critica1,speciesabun

dance in the three lagoon areas, total catch information for each 

has been consolidated into a discrete total population. Catch 

data has been adjusted to a total catch per unit effort for each 

gear type (Tables 6.5-10, 6.5-11 and 6.5-12). Critically treated 

nekton species distribution data has been summarized in Table 

6.5-13. 


Figure 6.5-15 shows the general relationships which exist 

between total nekton landings at different sampling stations. 

0 Data reflects the similarity of total populations and is based 

upon hierarchical analysis of species composition and abundance 

(Section 16.2.7 and Appendix Figure 16.3-18). Fish populations 

at each station have been represented by an encircled letter. 

All stations having nekton populations designated by the same 

letter are more similar than those designated by different let

ters .  Among populations represented by different letters, degree 

of sirnilarity is reflected by alphabetical order. Lagoon station 

fish populations (all designated by the encircled letter "A'") 

were more similar to each other than to either offshore or surf 

zone populations. However, lagoon populations were more closely-

related to offshore populations (designated by the encircled 

letter "B") than to surf zone populations (designated by the> 

0 encircled letter "C"). Thus, three distinctly different nekton 
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TABLE 6.5-10 
TOTAL ADJUSTED TRAWL LANDINGS ( P E R  UNIT AREA) FOR C R I T I C A L L Y  

TREATED NEKTON S P E C I E S  TAKEN FROM AGUA HEDIONDA LAGOON 
E N C I N A  POWER PLANT - AUGUST 1, 1980 

A v e r a g e  N u m b e r  C a p t u r e d / H e c t a r e  
B y  Lagoon Sect ion 

Species O u t e r  Lagoon 

Uroloplius h a l l e r i  


Bngrau1i.s moz-dax 


Anchoa corripressa 


A .  d e l i c a t i s s i m a  


Leuresthe:; t e n u i s  


A t h e r i E o p s  a f f i n i s  


Scorpaens  gu t t a  t a  


L e p t o c o t  t u s  armd t u s  


Para labrax  c l a t h r a t u s  


P. macula t o f a s c i a  t u s  


P .  nchu l  i fcr 


Seriiphus pol  i tiis 


Cyn0sc.i OR nobi 1is 


M c n t i c i r r h u s  u n d u l a t u s  


Gcnyoriemus 1irica tils 


Roncador- s t e a r n s i  


Aniph istic h u s  a r g e n t c u s  


liyp~~?'pxosopon
il rycn tcum 

Cyin,j t t 2 a . x  trr i?ggrcgatr3 

Mugi 1 ccpha1LIS 

Pinie.lwnutopon p u l  chxum 

I i c - t t~ i ' o s t i c l lu sr o s t r a  t u s  

3 . 5  

1.3 


0 . 2  

9 . 5  
6 . 0  
2 . 6  
1 . 6  

9 . 0  
0 . 5  

0 . 6  

1.1 


5 . 5  
Psr:i l ichthys  c a l i f o r n i c u s  1 7 .  2 
C i  t l i ~ i r i ~ - h t l i y . ss o r d i d u s  

C .  s t.i gmaeus 0.3 
1'1 e u r o n i c h  t h y s  v e r t i c a l  is 0 . 6  
Hypsopse t  t n  g n t t u j i l t a  2.3  

Middle Lagoon U p p e r  Lagoon 

13.1 5.4 

2.5  86 .2  
2.2 19.3 

0.3 
6 .9  3.1 
10.6 5.3 

2.8 2.2 
0 .6  19 .7  

0.3 	 9 . 7  
0.3 

26 .6  18 .8  

12 .2  1 . 9  
1 2 . 8  42.8 

1.9 5 .7  
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TABLE 6 .5 -11  

TOTAL ADJlJSTED S E I N E  LANDINGS (PER U N I T  EFFORT)  FOR C R I T I C A L L Y  


TREATED NEKTON TAKEN FROM AGUA HEDIONDA LAGOON 

ENCINA POWER PLANT - AUGUST 1, 1980 

- ___-
A v e r  age N u m b e r  C a p t u r e d /  Seine 

By Lagoon Sect ion  
Species O u t e r  Lagoon Middle Lagoon U p p e r  Lagoon 

Ar~c.tic?d c o m p r  essa 

A . Jet1 i i:ci tiss.%ms 
bcures the5 t enu i s  

A tlierinop s  a ffinis 

5’coi:pacwa g u t  t n  t o  

Leptocot t u s  arma t u s  

PJriilabrax c l a  t l i r a t u s  

. I ) .  m o ~ i i ! o t O f i i s c i . ~ t i i s  

1’. nc-bul .if c r  

:irri pl ius  p o l  i tns 

0.3 0.2 
17.7 

16.7 272.4 
0 . 7  309.0 

23 .1  40 .2  2.0 
87.1 219.9 8 4 . 8  

0 . 2  2.8 1 . 2  
1.1 8 . 8  
0 . 4  2.0 0.3 

1.0 
0.1 2 .4  

30 .6  	 1.0 
4.7 

3.7 
0 . 3  2.7 

0 . 2  1 .9  

000357 
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TABLE 6 . 5 - 1 2  
TOTAL ADJUSTED GILL NET LANDINGS (PER UNIT EFFORT) FOR CRITICALLY 

TREATED NEKTON SPECIES TAKEN FROM AGUA HEDIONDA LAGOON 
ENCINA POWER PLANT - AUGUST 1, 1980 

Average Number Captured/Net S e t  
By Lagoon  Section 

S p e c i e s  Outer Lagoon Middle Lagoon Upper Lagoon  

Urolophus  h n l l c r i  


E n g r a u l i s  mordax 


AI1clioa compressa 


A .  d e l i z a t i s s i r n a  


L e u r e s  thes t e n u i s  


d t h e r i n o p s  a f f i n i s  


Scorpaena g u t t a  t a  


L e p t o c o t t u s  a r m a t u s  


Para 1a brax cld tlira t u s  


P .  m a c u l a t o f a s c i a t u s  


P . nebu l  ifer  


S e r i p h u s  poli tus 


Cynosc ion  nobiLis 


Men t i c i . r r l i u s  undulil t u s  


( : C ? I ~ ~ ~ ~ I I C I I I U S1i n e a t u s  

Ronciidor s tmrnsi 

A m p h i s t i c h s  a r g c n t e u s  

U~ypdrpi’osopon aryc.?ntfuni 

Cy~x-itog.?s Lcr a!?gregs t a  

Mugil c e p h a l u s  

Pirncl omctopon p u l  chrum 

I l c t c ros t i . chus  rost1-J tils 

P:i.r;il.ichthys cali f o l - n i c u s  

C i t.ii.2 ri i-h t 111)sso r-tl i  ( ius  

i?. s t.i qnatws  

1’1tx1ron:ii:hthys rwrt ica .1  is 

l l ypsopse t ta  g u t t u l a t s  

0 . 2  0 .5  
0.1 0 . 1  

0 . 7  18.2  

0.1 
3 2 . 3  183.7 80.9 

0 . 2  0 . 5  1 . 2  
0 . 2  1 . 0  0 . 7  

0 . 1  0 . 2  
0 . 4  0 . 3  0 .4  
0 . 2  0 . 2  0.1  
0 . 5  0 . 2  0 . 5  

0 . 2  
4 . 7  0 . 5  2.8 

9 . 2  0 . 3  0 . 5  
0 . 6  13.1 4 . 7  
1 . 8  7 . 6  3 . 6  

0 . 2  0 . 2  0 . 2  
0 . 2  

0.1 0 .2  
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TABLE 6.5-13 

AGUA HEDIONDA LAGOON CRITICALLY TREATED NEKTON SPECIES 


DISTRIBUTIONt, ENCINA POWER PLANT - AUGUST 1, 1980 


~~ 

Species  

-__
t "S" denotes 

a r e a .  

Outer Lagoon 

x 

X 

X 


X 

X 

X 

x 

X 

X 

X 

X 

X 

x 

X 

X 


X 

X 

X 


x 

x 


X 

X 

X 


Middle Lagoon 

X 


X 

X 

X 

X 


X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

X 

X 


X 

X 


X 


Upper Lagoon 

X 

x 

X 

X 

X 

X 


X 

X 

X 

X 

x 

X 

X 

X 

X 


X 

X 

x 


X 

X 


X 


p r e s e n c e o f  given spec ies  w i t h i n  sampling 

0003596-1P5 



p ~ p u l a r i o n sare seen from rhe data;  lagoon, offshore and surf 0 
zone populations. 

Differences in species composition in these three areas 

partly account for this observation. Similarity indices (Equa

tion [I]) were calculated to compare total annual nekton species 

compositions for the different sampling areas (Table 6.5-14). In 

addition, each lagoon section was also considered separately in 

the analysis. Greatest differences in similarity were indicated 

in comparisons of the offshore and lagoon populations to those 

of the surf zone (S = 0 .40  and 0.48,respectively). These data 

reflect the uniqueness of surf habitat, in which only a relative

ly few species are found. Offshore and lagoon populations were 

more similar in species composition, although an "S" value of 

0.59 indicates significant differences exist between these areas. 

In reference to  different parts of Agua Hedionda Lagoon, it does 

appear that the outer section is the most similar to the offshore 

areas. 


Because of differences in the size of the area sampled in 

t h e  lagoon and offshore areas, total catch data were adjusted on 

a catch per unit of effort basis in order to compare the areas 

with respect to population size. Estimates of fish populations 

were made on the basis of the benthic fish catches within each 

area (trawl data) and along the shorelines (seine data). Gill 

n e t  data were not included in the analysis, since they are not 

easily'transformed to a quantitative approach. Population sizes, 
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TABLE 6.5-14 
SIFIILAKITY INDICES COMPARING TOTAL ANNUAL FISH 

SPECIES COMPOSITIONS BY AREA SAMPLED 
ENCINA POWER PLANT - AUGUST 1, 1980  

Outer Middle Upper S u r f  
O f f  shore Lagoons Lagoon Lagoon Lagoon Zone 

Offshore 0.59 0.59 0.50 0 .53  0 . 4 0  

Lagoons  0 . 5 4  0.85 0.85 0.48  

Outer 

Lag00I1 0 . 7 3  0 . 7 6  0 . 5 6  


0 . 8 0  0 . 4 6  

Upper

Lagoon 0.52 
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were probably underestimated since they did not take into account 

all pelagic fish species. 

Benthic population estimates based on otter trawl data were . 

made using the assumptions presented in Table 6.5-15. Total 


population densities were shown to be greatest in the upper sec


tion of Agua Hedionda Lagoon, and least in the outer section 


(Table 6.5-16). Offshore densitLes were greater than those cal


culated for the outer and middle lagoon areas. Using this infor


mation, estimated total benthic fish population sizes were deter


mined for each sampling area (Table 6.5-17). Critically treated 


species population sizes were also estimated (Table 6.5-18). 


In a similar manner, beach seine landings were used to esti


mate the sizes of shoreline fish populations for each sampling 


area. Assumptions used for this approach are presented in Table 


6.5-19. In short, estimates were obtained by extrapolating seine 


landings per length of shoreline sampled to the total length of 


shoreline available within each sample area. Total estimated 


shoreline fish populations are presented in Table 6.5-20. Criti


cally treated species populations were also determined (Table 


6.5-21). 


Total estimated minimum benthic population sizes were ob

tained by combining both estimates from the trawl and seine data 

(Table 6.5-22). As can be seen, the total lagoon population 

appears to be comparable to that of the offshore sampling area. 

In reality, the offshore population is probably much greater than 

the lagoon population. This is partly due to the fact that a @ .  
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TABLE 6.5-15 
ASSUMPTIONS MADE IN CALCULATING BENTHIC FISH 
POPULATION SIZE ESTIMATES BASED UPON TRAWL DATA 

ENCINA POWER PLANT - AUGUST 1, 1980 

1. 	 Assume t h a t  the  e f f e c t i v e  sample opening of a 4.9 meter o t t e r  
trawl was 4 meters ( 4 - 4 3 9 ) .  

L .  	 Assume t h a t  t h e  e f f e c t i v e  sample opening of a 7 . 9  meter o t t e r  
t rawl  was 6 meters (4 -480) .  

3 .  	 Assume a cons tan t  towing speed and a constant  sampling d i s 
tance f o r  each a rea  sampled throughout t h e  year .  

4 .  	 Assume t h e  following est imates  (based uFon d is tances  
towed a t  each s t a t i o n )  r e f l e c t  t o t a l  bottom a r e a s  sampled
during t h e  1979 s tudy:  

Offshore study a rea  - 35.7 h e c t a r e s  
Outer lagoon a r e a  - 6 . 2  hectares 
Middle lagoon a rea  - 3 . 2  h e c t a r e s  
Upper lagoon a rea  - 7 . 2  h e c t a r e s  

5 .  	 Assume an average catch e f f i c i ency  of 30 percent  for t he  
o t t e r  t rawl  (6-481). 

6 .  Assume an average t o t a l  bottom a rea  f o r  each sampling zone 
a s  	follows: 

Offshore a rea  - 490.0  hec tares  
. 	Outer lagoon - 23 .9  hec ta re s  

Middle lagoon - 9 . 9  hec ta re s  
Upper lagoon - 105.0  hec ta re s  

For  these  est imates ,  t he  of fshore  study a r e a  is  considered 
t o  include a l l  bottom a reas  between t h e  1 2  and 60 foo t  iso
b a t h s  shown i n  Figure 6 . 5 - 1 6 .  



TABLE 6.5-16 

ESTIMATED BENTHIC FISH POPULATION DENSITIES 

BASED UPON TOTAL MONTHLY TRAWL LANDINGS 
ENCINA POWER PLANT - AUGUST 1, 1 9 8 0  

Area 
Average Density
(Fish/Hectare) 

Density Range
(Fish/Hectare) 

Offshore 416 .7  2 2 . 3  - 1 3 0 4 . 3  

Outer Lagoon 226 .3  2 5 . 7  - 6 1 3 . 0  

Middle Lagoon 3 2 8 . 0  .37.3 - 8 8 7 . 7  

Upper Lagoon 756.3 111.0 - 1877.7 a 

6 - 2 0 0  




TABLE 6.5-17  
ESTIMATED AVERAGE BENTHIC FISH POPULATIONS WITHIN EACH 
' SAMPLIEJG AREA BASED UPON TOTAL TRAWL LANDINGS 

ENCINA POWER PLANT - AUGUST I, 1980 

Estimated Average Range  i n  Estimated 
Area Number of I n d i v i d u a l s  Number of I n d i v i d u a l s  

~ 

O f f s h o r e  204,167 1 0 , 9 4 3  - 639 ,123  

e 

Outer  Lagoon  5 , 4 0 9  613 - . 1 4 , 6 5 1  

Middle Lagoon  3 ,247  370 - 8 , 7 8 8  

Upper  Lagoon 79,415 1 1 , 6 5 5  - 1 9 7 , 1 5 5  

Total Lagoon 58,071 1 2 , 6 3 8  - 2 2 0 , 5 9 4  

6 - 2 0 1  




TABLE 6 . 5 - 1 8  
ESTIMATED AVERAGE CRITICALLY TREATED SPECIES POPULATIONS WITHIN 

EACH SAMPLING AREA BASED UPON AVERAGE MONTHLY TRAWL LANDINGS 
ENCINA POWER PLANT - AUGUST 1, 1 9 8 0  

Species  

Urolophus h a l l e r i  

n t h e r i n o p s  a f f i n i s  
Scorpaena  g u t t a  t a  

L e p t o c o t t u s  a r m a t u s  
Para1a b r a x  cl a t h r a  tu s  

P. m a c u l a t o f a s c i a t u s  
P. n e b u l i f e r  

S e r i p h u s  pol i t u s  

Cyn0sc.i on nobi 1is 

Outer Middle Upper
Offshore L a g o o n s  Lagoon  Lagoon  L a g o o n  

640 2612 283 433 1 8 9 6  

55451 
229 30373 103  8 2  30188 

6829 7 2  6757 

1098 1 3  1 3  
275 97 97 

2054 7 58 227 1069  

6 4 1  
2673 
1077 

47 5 
206 

3 5 1  
93  1847 a7 7 8  

24386 7 0 5 2  128 2 1  6903 

M c n t i c i r r l i u s  undul  i ~ t u s  92  
i;cri.yonemus 3 i n c a  t u s  12078 4133 7 20 10 3403 

R c ? i i c * d o r  s t e a r i i s i  1 3 6  39 97 

Amp1i.i~t.i clius a r q e n  tcris 549 

Nugi 1 cephalu s  
P imc lome topon  p u l  clirum 9 2  
Hctcros tichus  r o s t r a  t u s  1 8 3  1520  437 402 6 8 1  
Pa ralich th!ys c n l  i forni'cils 107 0 6 16770  1375  . 423 1 4 9 7 2  

Ci t i i a r i c h t h y s  s o r d i d u s  595 
C. stigmacus 48222 26 ' 26 

1' 1 1  w.ronich thys vcr t.i c:,~ 1is 7 68 6 5 1  5 1  


N y p s o p s c t t s  y u t t u l s  t i 3  9 6 1  2235 180 62 1 9 9 3  
 a 

' - . 



TABLE 6.5-19 
ASSUMPTIONS MADE IN CALCULATING SHORELINE 

FISH POPULATION SIZES BASED UPON SEINE DATA 
ENCINA POWER PLANT - AUGUST 1, 1980 

.I . 	 Assume t h a t  the effective sampling width f o r  a 50 meter s e i n e  
i s  25 meters ,  and f o r  an 18 m e t e r  s e i n e ,  9 meters. 

7 

L .  	 Assume t h a t  t he  s e i n e  catch r e f l e c t s  a populat ion extending

along the  sho re l ine  f o r  a d i s t ance  equal t o  the e f f e c t i v e  
sampling width.  

3 .  	 .4ssume t h a t  t h e  t o t a l  shore l ine  population i s  cons tan t  for 
the  e n t i r e  sho re l ine  of each sampling a r e a .  

4 .  	 Assume t he  following average shore l ine  d i s t ances  for each 
sampling a r e a :  

Upper lagoon - 4828 m 
Middle lagoon - 1345 m 
Outer lagoon - 2578 m 
Offshore ( su r f  zone) - 5851 m 

For these  es t imates  t h e  of fshore  ( sur f  zone) c o a s t l i n e  i s  
considered t o  include t h e  e n t i r e  sho re l ine  shown i n  
Figure  6 .5 -16 .  
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TABLE 6.5-20 
ESTIMATES OF AVERAGE SHORELINE FISH POPULATIONS 

BASED ON AVERAGE MONTHLY SEINE CATCHES 
ENCINA POWER PLANT - AUGUST 1, 1980 

Monthly Average Range i n  Estimated 
Number of Ind iv idua l s  Number of Ind iv idua l sArea 

-

Offshore 
(Surf  zone) 

Outer Lagoon 

Middle Lagoon 

Upper Lagoon 

Tota l  Lagoon 

263,800 3,394 

67,410 2,578 

54,659 9 ,415  

330,071 13,948 

502,140 25,941 

1,035,783 

221,135 

135,845 

1,142,090 

1,499,070 

6-204 0003G8 




TABLE 6.5-21 
ESTIMATED AVERAGE SHORELINE POPULATION SIZES OF CRITICALLY 
TREATED FISH SPECIES WITHIN EACH SAMPLING AREA - BASED UPON 

AVERAGE MONTHLY SEINE LANDINGS 

ENCINA POWER PLANT - AUGUST 1, 1980 


Offshore 
Species  (Surf zone) 

15  


2465 

395 

322 


223135 

16010 


3737 

7 


3642 

29 

59 


3043 

7372 


37 

140 


7 


Outer Middle Upper  
Lagoons  Lagoon  L a g o o n  L a g o o n  

~~ 

184 50 134 
9620 143 9477 

148627 2491 146136 
165861 100 165761 

20300 13224 6003 1073 
128218 49889 32865 45464 

1144 95 423 626 
1929 621 1308 

7 1 7  239 299 179 
149 149 

1308 1 2  1296 

179 179 


89 


5107 4571 536 
2503 2503 

1121  573 548 
1815 334 50 1431 

1160 95 37 1028 
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TABLE 6 . 5 - 2 2  
ESTIMATED AVERAGE FISH POPULATIONS WITHIN EACH SAMPLING AREA 

BASED ON TRAWL AND SEINE POPULATION ESTIMATES 
ENCINA POWER PLANT - AUGUST 1, 1 9 8 0  

Estimated Average Range in Estimated 

Area Number of Individuals Number of Individuals 


Offshore 467 ,967  1 4 , 3 3 7  - 1 , 6 7 4 , 9 0 6  

Outer Lagoon 7 2 , 8 1 9  3 , 1 9 1  - 2 3 5 , 7 8 6  

Middle Lagoon 5 7 , 9 0 6  9 , 7 8 5  - 1 4 4 , 6 3 3  

Upper Lagoon 459 ,486  2 5 , 6 0 3  - 1 , 3 3 9 , 2 4 5  

Total Lagoon 5 9 0 , 2 1 1  3 8 , 5 7 9  - 1 , 7 1 9 , 6 6 4  
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-- 

a 
much g r e a t e r  volume of water a v a i l a b l e  t o  pe l ag ic  spec ies  i s  

present  i n  t h e  o f f shore  a r e a .  Thus, a g r e a t e r  number of f i s h  

were probably no t  sampled i n  t h e  of fshore  waters .  The fac t  t h a t  

the extensive o f f shore  ke lp  beds,  which a t t r a c t  l a r g e  concentra

t i o n s  of f i s h ,  could no t  be sampled a l s o  con t r ibu te s  t o  a g r e a t e r  

underestimate.  

I t  i s  a l s o  important t o  note  t h a t  the  major i ty  of f i s h  (78 

percent)  wi th in  the  lagoon system appear t o  be concentrated 

wi th in  t h e  upper sec t ion  of t h e  lagoon. Only 1 2  percent  of t h e  

t o t a l  estimated lagoon populat ion was cont r ibu ted  by t h e  o u t e r  

lagoon. 

Total  c r i t i c a l l y  t r e a t e d  species  population estimates f o r  

each sampling a rea  a r e  presented i n  Table 6.5-23. 

4 . 5 . 8  Seasonal Pa t t e rns  

Figure 6.5-17 summarizes t o t a l  monthly nekton abundance 

crends f o r  t h e  1979 program. Peak abundances occurred during 

September (12,561 ind iv idua l s )  and November (16,841 i n d i v i d u a l s ) .  

These t w o  c o l l e c t i o n s  comprised approximately 46 percent  of t h e  

t o t a l  nekton landings and were pr imari ly  due t o  extremely l a r g e  

catches of Ca l i fo rn ia  grunion from t h e  sur f  zone, I n  terms of 

season, nekton were most abundant during t h e  f a l l  and least  

abundant during t h e  spr ing .  Winter abundances were somewhat 

g r e a t e r  than during spr ing  but  much l e s s  than those observed i n  

summer and fall. Minimum and maximum spec ies  d i v e r s i t i e s  occur

red during the  win ter  and f a l l ,  r e spec t ive ly  (Figure 6.5-18).a 
000371 
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TABLE 6.5-23 
ESTIMATED AVERAGE POPULATION SIZES OF CRITICALLY TREATED FISH 
SPECIES WITHIN EACH SAMPLING AREA - BASED UPON AVERAGE TRAWL 

AND SEINE POPULATION ESTIMATES 
ENCINA POWER PLANT - AUGUST 1, 1980 

Species 


Urolophcis ha1  1eri 

Engraul  is mordax 

Anchoa coxnpressa 

A .) d e l i  ca ti s s i m a  

L e u r e s t h e s  t e n u i s  

A t h e r i n o p s  a f f i n i s  

Scorpaena  g u t  t a  ta 
L e p t o c o t t u s  arma t u s  

P a r a l a b r a x  c l a t h r a t u s  

P .  macula  tof ascia t u s  

P .  n c b u l  ifcr 

S e r . i p h u s  p o l i  t u s  

Cynoscioii riotxi 1.is 

Mcritici r rhus  uri i lu la t i r : :  

(;criyoritrnius l i n c b ‘ i  t U S  

Ronr i i i l o r  s t c a a  r n s i  

& n p h i s  t.iclius argl’xl iw:; 

Outer Middle Upper
Offshore Lagoons Lagoon Lagoon Lagoon 

655 2796 283 483 2030 
57916 9620 143 9477 

624 179000 103 2573 176324 
322 172690 172 172518 

223135 20300 13224 6003 1073 
16010 128218 49889 32865 45464 
1098 13  1 3  

275 1241 95 423 723 
3983 1379 1535 1069 
3390 714 650 2026 

641 1226 206 242 778 
28123 8360 128 33 8199 

7 
3734 179 179 

12107 4133 
,
720 10 3403 

59 225 39 186 
3592 

I lypt?rprosopon argc?rit t u m  13594 51  51 
Cyma t o g a s  ter aggrega  ta 2553 12636 90 544% 7098 
Mugil c e p h a l u s  146 2503 2503 
P i m e l o m e t o p o n  p u l  chrum 92 
I i e t e r o s t i c h u s  r0.six-d ~ u - 5  190 2641 1010 950 681 
Pa r;l1i ch t 1 i i l . s  californic u s  10706 18585 1709 473 16403 
Ci t 11,i rict > t -! I  17s s t  I c 1 i c 1 1 1  .F; 595 
c’- sti c m ~ i t ’ u s  48222 26 26 
1’:  r’u r m i  211thlys l r t  >rt.iL : . i  1.is 

Hyj.sopsctfa gut tu.! J t~ 
7686 
961 

51 
3395 

5 1  
27 5 99 3021 a 

, .  
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Seasonal fluctuations .inpopulations of the critically 


treated species have previously been discussed individually in 


Section 6 . 5 . 4 .  Nineteen of the entire twenty seven critically 

treated species were taken during every monthly,collection. 


Deepbody anchovy, California grunion, kelp bass and barred sand 


bass were taken during all but one of the monthly collections. 

Each is considered a common and abundant fish species in the area 

studied. Slough anchovy, the fourth most abundant fish, was 


taken every month except January and April. The remaining three 


critical species, white seabass, California sheephead and Pacific 


sanddab, were relatively uncommon in monthly catches. Numbers 


raken were too small to adequately examine temporal patterns. 


The majority of critically treated species considered in the 


present study program, then, represent primarily year-round resi


dents of the study area under consideration. 

With respect to non-critical species, 25 were present in 

collections during all seasons (Table 6 . 5 - 2 4 ) .  Five species were 

unique to spring collections; 4 to summer, 6 to fall and 7 to 

winter (Table 6 . 5 - 2 5 ) .  

The basic data for nekton collections by month and for the 

lagoon and offshore areas is compiled in Appendix Tables 1 6 . 3 - 3 5  

through 1 6 . 3 - 5 4 .  

6 . 5 . 9  Sportfishing and Commercial Fishing Activity 

Sportfishing is a major industry in southern California. 

Over one and one-half million marine fish were landed by over
@ 
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TABLE 6 . 5 - 2 4  
NON-CRITICAL NEKTON SPECIES TAKEN DURING EVERY SEASON 

ENCINA POWER PLANT - AUGUST 1, 1980.9 

S c i e n t i f i c  Name  
f 

P1a t y r h i n o i d i s  t r i s e r i a  t a  


R h i n o b a t o s  p r o d u c t u s  


M y l i o b d t i s  c a l i f o r n i c a  


S y n o d u s  l u c i o c e p s  


Poricli thijs niyri  a s  ter 


A th e r i n o p s i s  c a l i  fornierlsis 


Syngna t h u s  l e p t o r h y n c h u s  


. Y c n i s t i u s  C a l i  forniensis 


A n i s o t r e m u s  d a v i d s o n i  i 


Umbrina r o n c a d o r  


C h e i l o t r e m a  s a  t u r n u m  


G i  re1l a  n i g r i c a n s  


H e r m o s i l l a  a z u r e a  


Embiotoca  j a c k s o n i  


Dama 1icht hys v a  c c a  


rhsncrodon f u rcR t u s  


c’hromis p u n c t i  p i n n i s  


\iypsoli Ic:nn.ius y e n t i l  is 


I]yiviiis g i l i ~ ~ t i  


$( -OIL,- I - j apon I L-I Is 


i ’ c  - p r  i 1 t1.q s i m i  11imus 


S u m p l i u r u s  a t r i c a u d a  


X y s t r c r i r y s  l io ley is  


H i p p o g l o s s i n a  s t o m a t a  


C i  t l i a r i c - h t h y s  x a n t h o s  t i y m a  


Common Name 

Thornback 

Shovelnose g u i t a r f i s h  


B a t  r ay  

C a l i f o r n i a  l i z a r d f i s h  


Specklef in  midshipman 

Jacksmelt  

Bay p i p e f i s h  


Salema 

Sargo 

Yellowfin croaker  

Black croaker  

Opaleye 

Z ebraperch 

Black su r fpe rch  

P i l e  sur fperch  

White su r fpe rch  

Blacksmith 

Bay blenny 

Cheekspo t goby 

P a c i f i c  mackerel  

P a c i f i c  b u t t e r f i s h  


C a l i f o r n i a  tonguefish 

F a n t a i l  s o l e  


Bigmouth s o l e  


Longf i n  sanddab 
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TABLE 6.5-25 
NON-CRITICAL NEKTON SPECIES ONLY 
CAPTURED D U R I N G  A SINGLE SEASON 

ENCINA POWER PLANT - AUGUST 1, 1980 

Season 

Summer 

Fall 


'winte r 

S c i e n t i f i c  Name 

M u s t e l u s  c a l i f o r n i c u s  


S t r o n y y l u r a  e x i l i s  


T r a c h u r u s  symmc?tricus  


Gi1 2  i c h t h y s  mi rahi l i s  


Squa l  u s  ;Icanth.ias 


Scorpa  enl i i l i  t h y s  ma rmoi'a tu s  


Rhncoc  h i  1u s  toxotes 


Ugperprosopon el l i p t i c u m  


M i c r o m e t r u s  min imus  


Cibbons-ia m e t  zi 


C o b i o n e l l u s  loi7q.iciludus 


Common Name 


Horn shark 

Common Thresher 

Threadfin shad 

P a c i f i c  h e r r i n g  


Rockpool blenny 


Gray smoothhound 

Cal i fo rn ia  n e e d l e f i s h  


Jack mackerel 

Longj aw mudsucker 


Cal i fo rn ia  s k a t e  


P a c i f i c  s a rd ine  

Olive rock f i sh  

Mexican scad 

Reef f i n spo t  

C - 0  t u rbo t  


Spiny dogfish 

Cabezon 

Rubber 1i p  su r f  perch 

S i l v e r  sur fperch  

Dwarf sur fperch  

St r iped  k e l p f i s h  


Longtain goby 
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200 ,000  anglers in 1979 from partyboats between Imperial Beach 

and Dana Harbor (Figure 6.5-19). This does not account for 

shore fishing and private boats. The catch consisted of kelp 

bass, barred sandbass, mackerel, barracuda, rockfish, bonito, 

halibut, sheephead, sculpin, whitefish, croakers, white seabass, 

and flatfish. 

In sportfishing surveys conducted near the Encina Power 

Plant in outer Agua Hedionda Lagoon and the ocean beach near the 

Power Plant, as many as 40 fishermen utilized the outer lagoon 

at one time and up to 14 were fishing in the vicinity of the dis

charge on the beach (Table 6 . 5 - 2 6 ) .  Fishermen were common every 

day of the week with peak numbers usually occurring on the week

ends during summer months (at times, weekdays were popular). 

Fishing took place throughout the year (Table 6 . 5 - 2 6 ) .  Twenty-

five different species of fish were caught by anglers in the 

vicinity of the Power Plant (Table 6 . 5 - 2 7 ) .  

Commercial fishermen in California landed 728  million pounds 

of fish worth 227 million dollars in 1979 ( 6 - 4 8 2 ) .  Landings in 

San Diego were 156 million pounds in 1979 ( 6 - 4 8 3 ) .  Many of the 

tuna landed were caught in foreign waters (approximately 7 3  per

cent of the catch in 1976). 

000376 
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TABLE 6 . 5 - 2 6  
RESULTS OF SPORTFISHING SURVEY IN 

THE VICINITY OF THE ENCINA POWER PLANT, 1979  

-
Mean Number of 


Mean Number of Hrs. Fished/Day Catch/Unit (hr)
Fishermen/Day P e r  Fisherman of Effort 

Month k S , D . +  2 S.D.'f 2 S.D.? 

OUTER AGUA HEDIONDA LAGOON 


JNiI 10.4 k 4 . 9
FEB No Data 
MAR 18.6 t 6 . 5  
APRIL 22 .0  5 7..8 
HAY 17.6 i-1.7.5 
JUNE 25.2 r 9 . 5  
JULY 2 5 . 0  +15.4 
ALTG 2 2 . 0  F- 5 . 8  
SEI'T 15.7 i 5 . 6  
OCT 1 2 . 0  !-1.0
NOV 8.2 r 6 . 0  

a DEC 5 . 4  f 2 . 7  

SURF ZONE - OCEAN BEACH 

NAR 7 . 3  2 5 . 0  
APRIL 4 . 7  * 3 . 4  
MAY 4.0 r. 2 . 1  
JUNE 7 . 3  5 0 . 9  
JULY 7.8 5 4 . 6  
AUG 7.0 t 5 . 0  
SEPT 2.5 5 0.7 
OCT 2 . 5  i 1 . 7
NOV 3 . 0  t 0 . 0  

DISCHARGE JETTY - OCEAN .-

MAR 3.0 i 1.4 
APRIL 3 . 3  i 1 . 5  
IIAY 3 . 6  i 0.5  
JUNE -
JULY 5.0 r 0.0 
AUG -
SEPT 4 . 0  ? 0.0 
OCT 8 . 0  2 0 . 0  
NOV 3 . 3  f 1.1 
DEC 3 . 7  k 1 . 0  

tStandard Deviation 


2 . 8  i 0 . 7  0 .5  2 1 . 2- 
3 . 0  5 0 . 8  0.1 kO.0  
3 . 9  r. 1 . 4  0 . 2  2 0.1 
2 . 8  2 1.8 0 . 1  f O . 1  
2 . 6  2 0 . 5  0 . 3  0 . 2  
3 . 4  ?: 0 . 9  0 .4  t 0 . 4  
3 . 3  r. 0 . 9  0 . 2  +_ 0 . 3  
3 . 0  L 0 . 9  0.1 2 0 . 1  
3 . 5  r 1.1 0.0 f 0.0 
4.1 1.9 0.0 5 0.0 
2 . 9  t 0 . 3  0 . 2  2 0 . 2  

3 . 4  i: 0 . 9  0 .4  k 0 . 4  
3 . 2  i 0 . 5  0 . 7  2 0 . 4  
2 . 9  2 0 . 9  0 . 2  ? 0.0 
2 . 1  +_ 0 . 8  0 . 2  f 0.1 
3 . 9  f. 2 . 1  1.1 5 1.1 
3 . 6  -+ 0 . 6  0 . 4  -+ 0 . 5  
3 . 1  2 0 . 2  0 . 0  2 0 . 0  
3 . 7  2 2 . 0  0 . 3  2 0 . 4  
2 . 3  5 0 . 0  4 . 0  2 0.0 

2 . 1  L 1.5 0.1 f 0.1 
2.5 2 0 . 5  0.3 2 0 . 4  
2 . 4  2 0 . 3  0.3 +_ 0.0- 
2.6 2 0.0 1.0 k 0.0- 
2 . 2  f 0 . 0  0 . 2  k 0 . 0  
3 . 4  f 0 . 0  0 . 1  k 0.0 
3 . 0  ? 0 .5  0 . 4  k 0 . 4  
3 . 0  2 0 . 4  0 . 5  t 0 . 7  
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6 . 6  	 DISCUSSION 

The 254 f i s h e s  expected t o  occur (Table 6.2-1) i n  t h e  v i c i n 

i t y  of the  Encina Power P lan t  were taken from Miller and Lea 

( 6 - 4 8 4 ) .  Of the  254 spec ies  expected, 125 were captured during 

the study (Table 6 .5-4) .  This i s  a s i g n i f i c a n t  number i n  l i g h t  

of t h e  f a c t  t h a t  many of t h e  254 spec ies  expected t o  occur a r e :  

0 	 Deeper water pe lag ic  forms (such a s  tuna,  

swordfish,  e t c . )  t h a t  p r imar i ly  occur ou t s ide  

of t h e  study a rea .  

0 	 Reside i n  h a b i t a t s  t h a t  could n o t  be sampled 

i n  t h e  study ( i . e . ,  rocky c r e v i c e s ,  ke lp  beds) ,  

0 	 A r e  migratory spec ies  which are only present  

during p a r t  of t he  year .  

In  o the r  s t u d i e s  i n  southern Ca l i fo rn ia ,  Lane and H i l l  (6-485) 

r epor t  t h e  c o l l e c t i o n  of 46 f i s h  spec ies  i n  s t u d i e s  from Anaheim 

Bay, and Connell e t  a l .  (6-486) r e p o r t  t h e  c o l l e c t i o n  of 42 f i s h  

spec ies  i n  s t u d i e s  of a c o a s t a l  power p l a n t .  I n  an ex tens ive  

cooperat ive t rawling study over a three-year  per iod i n  t h e  

southern Ca l i fo rn ia  b i g h t ,  1 2 1  spec ies  of f i s h  w e r e  captured 

( 6 - 4 8 7 ) .  The c o l l e c t i o n  of 125 spec ies  a t  t h e  Encina Power P lan t  

during t h e  one-year study would i n d i c a t e  a d iverse  f i s h  fauna i n  

L-he region which i.s r e p r e s e n t a t i v e  of t h e  v a r i e t y  of f i s h  present  

i n  t he  inshore,  c o a s t a l  zone i n  southern C a l i f o r n i a .  

The s e l e c t i o n  of c r i t i c a l  spec ies  f o r  d e t a i l e d  study during 

t h e  program was based on t h e  c r i t e r i a  presented i n  Sec t ion  6.3.  

000379 
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P a s t  impingement records were evaluated t o  s e l e c t  s p e c i e s  which 

had a high p o t e n t i a l  f o r  impingement. These records  w e r e  com

p i l e d  from 8 h r  impingement samples taken seve ra l  t i m e s  a month 

s i n c e  1972 .  C r i t i c a l  spec ie s  s e l e c t i o n s  w e r e  re -eva lua ted  during 

t h e  course of t h e  study i n  l i g h t  of t h e  spec ies  captured and 

t h e i r  sbundances with regard  t o  t h e  c r i t e r i a  used i n  des igna t ing  

a c r i t i c a l  s t a t u s  t o  a given spec ie s .  Se lec ted  spec ie s  w e r e  

t r e a t e d  a s  c r i t i c a l  when they  s a t i s f i e d  seve ra l  of t h e  c r i t e r i a  

and were common and/or abundant i n  t h e  study area. Severa l  of 

t h e  o r i g i n a l  c r i t i c a l l y  t r e a t e d  spec ies  (sheephead, P a c i f i c  sand-

dab) w e r e  scarce  i n  c o l l e c t i o n s .  I n  t h e  case  of t h e  sheephead, 

t h i s  i s  probably due t o  i t s  a t t r a c t i o n  t o  ke lp  bed h a b i t a t s .  

These a reas  (kelp beds) could not be sampled adequately wi th  

n e t s .  Although sheephead w e r e  no t  c o l l e c t e d  i n  l a r g e  numbers', 

numerous ind iv idua l s  were observed by SCUBA d i v e r s  i n  t h e  ke lp  

beds i n  t h e  study a r e a .  The P a c i f i c  sanddab p r e f e r s  deeper water 

(up t o  554 m f1800 f t ] )  which probably expla ins  i t s  s c a r c i t y  i n  

samples ,  as t h e  deepest s t a t i o n s  sampled were 15  meters  (50 f t ) .  

The remainder of t h e  c r i t i c a l  spec ies  were a l l  f a i r l y  common and 

comprised the  major i ty  of t h e  ca tch .  

Plankton s t u d i e s  were conducted o f f shore  and i n  t h e  lagoon. 

The long recognized problem of  plankton pa tch iness  wi th  r e s p e c t  

t o  obtaining a r e p r e s e n t a t i v e  sample of a plankton popula t ion  has  

been discussed by many workers ( 6 - 4 8 8 ,  6 - 4 8 9 ,  6 - 4 9 0 ,  6 - 4 9 1 ,  6

4 9 2 ,  and 6 - 4 9 3 ) .  The s p a t i a l  pa tch iness  may occur i n  a l l  t h r e e  

dimensions and can be random o r  non-random. It can be as a 
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result of schooling, feeding, convergence or divergence zone 


spawning habits or other behavior. These factors help to explain 


some of the variation in plankton catches. 


Many larval fish can exhibit a diel vertical distribution 


(6-494). Diel sampling was used in this study to examine any 


differences in day and night distribution. In certain cases, 


significant differences were found between day and night sampling 


with night collections capturing more organisms (Section 6.4.5). 


However, in others, no significant differences were found between 


day and night sampling. Avoidance can be one aspect of sampling 


which enters into diel differences in numbers sampled. Avoid


ance can be greater in the daytime when nets are more visible; 


however, work has shown that the bulk of the avoidance can be 


performed just as well at night as in the daytime (6-495). Dis


turbances projected ahead of the net due to bridles, towing 


apparatus or the net itself give advance warning of the approach 


o f  the net. Leithiser et al. (6-496) found that pumped samples 

at a power plant intake more accurately sampled fish larvae than 


did nets. Both nets and pumps were used in this study to sample 


plankton. In view of the various problems associated with 


plankton sampling, these results must be viewed as a best esti


mate of the population. Studies at the San Onofre (SONGS) power 

plant (6-497) also reported some difficulties in accurately 


sampling the plankton populations. Standing crop estimates of 

plankton at SONGS i.ndicated 73.9~10 
9 organisms passing Unit 1 


0 between shore  and 1.75 km in a 24-hr period (6-498). The volume 
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of this water mass is not given by the authors so it cannot be 

compared directly to standing crop estimates in our study. In 

316(b) studies published for the Potrero power plant in San 

Francisco (the only 316(b) study published to date for the west 

coast), no estimate was made of plankton standing crop (6-499), 

s o  a comparison cannot be made with that power plant. 

Copepods comprise a major portion of marine zooplankton 


(6-500). Acartia tonsa has been reported to comprise over 50 


percent of the total copepod biomass at some times of the year 


(6-501). In this study, they were frequently the bulk'of plank


ton collections. Their wide-spread distribution in the study 


area (near-field and far-field) and short reproduction time 


provide capabilities for rapid regeneration or replacement of 


removed individuals. 


Ichthyoplankton abundances in the California Current region 

have been studied for many years under the CalCOFI program (6

502). The majority of stations are offshore. Infrequent sam

pling is conducted in the coastal zone. However, Ahlstrom and 

Moser (6-503) do report larvae of the California halibut confined 

to coastal zone areas with abundances up to 100 under 10 rn2 of 

sea surface; Citharichthys sp with abundances up to 1000 under 

10 mz of sea surface; and Pleuronichthys sp with abundances up to 

100 under 10 m2 of sea surface. Findings in the Encina study are 

consistent with CalCOFI reports as.all three genera were common 

and Citharichthys sp was very abundant. These species are wide

spread offshore, occurring from central or southern Baja 



California to north of Point Conception ( 6 - 5 0 4 ) .  The widespread 

distribution of most of the major ichthyoplankton species (see 

Section 6 . 5 . 4 )  would appear to provide adequate recruitment to 

the study area. 


A number of workers have dealt with the problems involved 

in attempting quantitative population estimates for nekton 


( 6 - 5 0 5 ,  6 - 5 0 6 ,  6 - 5 0 7 ,  6 - 5 0 8 ,  and 6 - 5 0 9 ) .  Factors which can 

affect the accuracy of these estimates have previously been dis
cussed in Section 6.5.6. These include: 1) the ability of fish .c 

to avoid gear, 2) the selective nature of gear in relation to 

both the size and species of fish, and 3)  the accessibility of 

fish to the gear. 


The estimates used represent only the benthic fish popula


ti.ons. They do not take into account the populations of pelagic 


fish species. As a result, the population sizes are underesti

mated. This is especially true in the estimates made for the 


deeper offshore areas, where the populations in a greater portion 

of the water column remain unaccounted f o r .  

The area density estination method used consisted of ran

domly sampling a known area. The average number of fish per unit 

area was calculated and multiplied by the total area to obtain 

an estimate of the entire population. In this manner, population 

estimates for two types of gear (otter trawl and beach seine) 

were calculated. Total population estimates for a given area 

were obtained by combining trawl and seine estimates. The trawl 

0 data provided an estimate of the benthic population for all 
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areas except along the shoreline. Beach seining provided the 


only adequate means of sampling and estimating the fish popula


tion in the surf zone and shoreline areas. Assumptions made for 


the population estimates by each gear type were presented in 


Tables 6.5-15 and 6.5-19. 


By assuming a 30 percent catch efficiency for the trawling 

gear, a reasonable estimate of benthic fish populations can be 

obtained (6-510 and 6-511). In the seine estimate, however, a 

100 percent catch efficiency was assumed. The actual efficiency 

probably varied from 30 to 70 percent (6-512). Thus, values 

estimated for the shoreline populations were conservative esti

mates. 


The approach used assumed a more or less even distribution 

of benthic fish throughout each area; however, the highly random 

distribution characteristics of fishes in their environment 

generally results in estimates of low precision, unless sampling 

effort is sufficiently large (6-513). In the present study, a 

sufficiently large number of trawl samples was obtained to take 

this into account. Seine estimates, however, are subject to this 

limitation, since only single samples were obtained in each 

monthly lagoon collection. 


Despite its apparent shortcomings, the approach used does 


provide an acceptable and economical means of estimating fish 


populations in assessing the effects of power plant induced 


mortality. 
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0 Non-critically treated species comprised a minor portion of 

the  catch. Often they were s p e c i e s  where only a few individuals 

were captured ,  or they were uncommon. 

6-221 

i 




References 


6 - 1  	 Miller, D. J. and R. N. Lea, "Guide to the Coastal 

Marine Fishes of California." Calif. Dept. of Fish and 

Game, Fish Bull. No. 157.  249 pp. (1972) .  

6-2 	 Bradshaw, J., B. Browning, K. Smith and J. Speth, The 

Natural Resources of Agua Hedionda Lagoon, U.S. Fish 

and Wildlife Service Coastal Wetland Series #16 (1976). 

6-3 Miller and Lea (6-1). 

6 - 4  Bradshaw et al. (6 -2 ) .  

6- 5 Bradshaw et al. (6 -2 ) .  

6-6 	 Pliller, J. N., The Present and Past Molluscan Faunas 

and Environment of Four Southern California Coastal 

Lagoons, Master's Thesis, Univ. of Calif., San Diego, 

272 pp. (1966) .  

6-7 	 SCCWRP (Southern California Coastal Water Research 

Project), The Ecology of the Southern California Bight. 

Implications for Water Quality Management. SCCWRP 

Report #TR104, (1973) .  

6 - 8  SCCWRP ( 6 - 7 ) .  

Q 0 0 3 8 C
6-222 



-- 

----- ------- 

6-9 	 Baxter,  J .  L . ,  "Summary of Biological  Information on 

t h e  Northern Anchovy Engraulis mordax Girard.  

C a l i f .  Coop. Oceanic Fish. Inves t .  Rep. (11):no-116. 

(1967) . 

6-10 	 Brewer, G .  D . ,  "Reproduction and Spawning of t h e  

Northern Anchovy, Engraulis mordax, i n  San Pedro Bay, 

Cal i forn ia" .  C a l i f .  F i sh  and Game 6 4 ( 3 )  :175-184 (1975). 

6-11 	 Limbaugh, C . ,  Fish 1 2 t c  i n  the  Kelp Beds and the  

Effects of Kelp llarvest:ing, Univ. C a l i f .  I n s t .  Mar. 

Resources IMR Reference 55-9,  (Sept.  9 ,  1955). 

6- 12  Ford, R .  F . ,  D i s t r ibu t ion ,  Population Dynamics and 

-Behavior of Bothid F l a t f i s h ,  Ci thar ich thys  s t i m a e u s ,  

Ph.D. Thesis ,  University of C a l i f o r n i a ,  San Diego. 

(1965). 

6-13 	 Quast, J .  C., "Observations of  t h e  Food and Biology 

of t h e  Kelp Bass ,  Paralabrax c l a t h r a t u s ,  wi th  Notes 

on i t s  Spor ts f i shery  a t  San Diego, C a l i f o r n i a ,  In-
W .  .I. North and G .  L .  liubbs ( e d s . )  U t i l i z a t i o n  of 

Kelp-bed  Kesources i n  Southern Cal i forn ia" .  C a l i f .  

Dept. o f  F i s h  and  Game, Fish Bul l .  139:81-108 (1968). 

00038'7
6 - 2 2 3  



6-14 


6-15 


6-16 


6-17 


6-18 


6-19 


6- 20 

Skogsberg, T., "The Fishes of the Family Sciaenidae 


(Croakers) of California", Cal. Fish and Game, Fish 


-Bull. NO. 54:l-62 (1939). 


Maxwell, W. D., "The Croakers of California", Calif. 


Dept. of Fish and Game, Resources Agency Leaflet No. 8 


(1975). 


Clark, G .  H., "California Halibut", Calif. F i s h  and 

Game 1 6 ( 4 )  :315-317 (1930). 

Bane, G. and M. Robinson, "Studies on the Shiner Perch, 

Cymatogaster aggregata, Gibbons, in Upper Newport Bay 

California", The Wassman Jour. of Biology 28(2):259-268 . 

(1970). .a 
Babel, J. S., "Reproduction, Life History, and Ecology 


of the Round Stingray Urolophus halleri Cooper". Calif. 


Dept. of Fish and Game, Fish Bull. 137 (1967). 


McHugh, J. L.,Estuarine Nekton In: Haugh, G. H. (ed.) 

Estuaries, her. Assoc. Adv. Science, Pub. 8 3 ,  Washing

ton D. C. 757 pp. 

Horn, M. L., and L. G .  Allen, "Numbers of Species and 

Faunal Resemblance of Marine Fishes in California Bays 

and Estuaries", Bull. of So.  Calif. Acad. of Sci. 75(2) : 

159-170 (1976). 

6-224 000388 




6 - 2 1  

G-22 


G-23 

6-24 

6-25 

6-26 

e 6-27 


6-28 

6-29 

6-30 

Weinstein,  M .  P . ,  "Shallow Marsh Habitat as 

Primary Wurseries f o r  Fishes and S h e l l f i s h ,  Cape Lear 

River,  North Carolina",  Fishery Bull .  77(2) :339-358 

( 1 9 7 9 )  . 

Horn and Allen (6 -20) .  

Horn and Allen (6-20) .  

Bradshaw e t  a l .  (6 -2 ) .  

Horn and Allen (6 -20) .  

Bradshaw e t  a l .  ( 6 - 2 ) .  

Bradshaw e t  al. (6-2) .  

Bradshaw e t  a l .  (6-2).  

Jacobs,  J . ,  "Animal Rehavior and Water Movement as 

Co-determinants of Plankton D i s t r i b u t i o n  i n  a Tidal  

System". S a r s i a  (34) :355-370 (1968). 

Thomson, J .  M., "Synopsis of  Bio logica l  Data on t h e  

Grey Mullet Mugil cephalus Linnaeus, 1758", CSIRO 

F i she r i e s  and Oceanography (Aus t r a l i a )  F i s h e r i e s  

Synopsis- No. 1, 57 pp.  (1963). 

6-22.5 


1 



6-31 


6-32 

6-33 

6-34 

6-35 

6-36 

6-37 

6-38 


Thoinson, .I.  M . ,  "The Grey  Mullets",  Oceangr. Mar. B i o l .  

Ann. Rev., 4:301-335 (1966). 

Odum, W .  E . ,  U t i l i z a t i o n  of t h e  Direct Grazing and 

P l a n t  D e t r i t u s  Food Chains by the S t r i p e d  Mullet  

Mugil cephalus ,  I n  J .  H .  S t e e l e  (ed . )  1970 Marine 

Food Chains, Oliver  and Boyd, p .  222-240.  

F i t c h ,  J .  E . ,  and R .  J .  Lavenberg, Marine Food and 

G a m e  Fishes  of C a l i f o r n i a ,  Un ive r s i ty  of C a l i f .  P re s s ,  

Berkeley. 1 2 1  pp. (1971). 

DeSilva, S .  S .  and M .  J .  S .  Wijeyaratne,  "Studies on 

The Biology of t h e  Young Grey Mul le t ,  Mugil cephalus L." 

11. Food and Feeding, Aquacul ture ,  12:157-167 (1977). 

Limbaugh (6-11).  

Feder,  H .  M . ,  C .  H .  Turner,  and C .  Limbaugh, "Observa

t i o n s  -on F ishes  Associated w i t h  Kelp Beds i n  Southern 

C a l i f o r n i a . "  C a l i f .  Dept. of F i s h  and Game, F i s h  Bull .  

No. 160 (1974). 

Jones ,  A .  C., "The Biology of t h e  Euryhal ine F i s h ,  

Leptocot tus  armatus armatus,  Gi rard ."  Univ. C a l i f .  

Pubs. ZOO^. 67:321-368 (1962). 

Miller and Lea (6-1) .  

0081390

6-226 



- -  

6-39 	 Moyle,  P. B., Inland Fishes of California, Univ. of 

Calif. Press., Berkeley, 405 pp. (1976). 

6-40 	 Collyer, R. D. and P. I I .  Young, "Progress Report on a 

Study  of the Kelp Bass, Paralabrax clathratus", 

Calif. Fish and Game 39(2):191-208 (1953).- _I_--p 

6-41 	 Bane, G. W., "Fishes of the Upper Newport Bay", 

Museum of Systematics Biology: Univ. Calif. Irvine, 

Research Studies 3:l-115 (1968). 

6-42 	 Fitch, J. E. and R. J. Lavenberg, "Tidepool and 

Nearshore Fishes of California", Univ. of Calif. Press, 

Calif. Natural History -Guides (38):46-48 (1973). 

b-f+3 Limbaugh (6-11). 

6-44 Bane ( 6 - 4 1 ) .  

6-45 Feder et al. (6-36) 


6-46 Bradshaw et al. (6-2). 


6-47 	 E b e r t ,  E. E . ,  and C. H. Turner, "The Nesting Behavior, 

Eggs and Larvae of the Bluespot Goby", Calif. Fish and 

Game 48( 4 )  :249-252 ( 1 9 6 2 ) .  

6 - 4 8  Feder et al. ( 6 - 3 6 ) .  

000392 
6-227 




6-49 

6-50 

6-51 

6 - 5 2  

6-53 

6-54 

6 - 5 5  

6-56 

6 - 5 7  

Goldberg, S .  R . ,  "Reproductive Cycle of t h e  White Sea 

Perch", Copeia (2)  :334- 336 (1978) . 

Babel (6-18).  

Baxter ,  J .  L . ,  Inshore  F ishes  of C a l i f o r n i a ,  Cal i f .  

Dept. o f  Fish and G a m e ;  Resources Agency, Sacramento, 

78 pp. (1974). 

Sumida, B .  Y . ,  E. H.  Ahlstrom, H .  G .  Moser, Early 

Development of  Seven F l a t f i s h e s  of t h e  Eas te rn  North 

P a c i f i c  wi th  Heavily Pigmented Larvae,  Fishery Bull .  

77(1) :105-145 (1978). 

Allen,  L .  G .  and M. H .  Horn, "Abundance, D ive r s i ty  

and Seasonal i ty  of Fishes  i n  Colorado Lagoon, Alamitos 

Bay, Cal i forn ia" ,  Es tua r ine  and Coas ta l  Marine S c i .  

3:371-380 (1975). 

Bane (6-41).  

F i t c h  and Lavenberg ( 6 - 4 2 ) .  

Allen and Horn (6-53). 

Roedel, P .  M . ,  "Common Ocean Fishes of the Cal i fornia  

Coast", C a l i f .  Dept .  of  F i sh  and G a m e ,  F i sh  Bull .  No. 

9 1 ,  184 pp. (1953). 

6-228 




6 - 5 8  	 Frey, H. W., California's Living Marine Resources 

and Their Utilization, Calif. Dept. of Fish and Game, 

Sacramento 148 pp. (1971). 

6-59 	 Lane, E. D. and C. W. H i l l ,  "The Marine Resources of 

Anaheim Bay", Calif Dept. of.Fish and Game, Fish Bull.-
No. 165, 195 pp. (1975). 

G-bO Bane and Robinson (6-17). 

6 - 6 1  Skogsberg (6-14). 

6- -62  Feder et al. (&-36). 

a 6-63 Skogsberg (6-14). 

6-64  Limbaugh (6-11). 

6-65 Feder et al. (6-36) 

6 - 6 6 .  Feder et al. (6-36). 

6 - 6 7  Maxwell (6-15) .  

6 - 6 8  Skogsberg (6-14). 

6-69 Baxter (6-51). 


0 - 2 2 9  008393 




6-70 

6-71 

6- 72 

6-73 

6- 74 

6-75 

6-76 

6- 77  

6- 78  

6-79 

Pinkas,  L . ,  M .  S .  Ol iphant ,  C .  W .  Haugen, "Southern 

C a l i f o r n i a  Marine Spor t f i sh ing  Survey: P r i v a t e  Boats ,  

1964; Shorel ine 1965-66", Ca l i f .  F i sh  and Game ,  Fish 

B u l l .  No. 143, 42 pp.  (1968). 

Baxter (6-51) .  

Goldberg, S .  R . ,  "Seasonal Spawning Cycles o f  t h e  

Sc iaenid  Fishes  Genyonemus l i n e a t u s  and Seriphus 

p o l i t u s " ,  Fishery B u l l .  7 4 ( 4 )  :983-984 ( 1 9 7 7 ) .  

Linibaugh (6-11). 

Quas t ( 6 - 13) . 

Col lyer  and Young (6-40).  

Limbaugh (6- 11). 

Thomas, J .  C . ,  "Management of t h e  White Seabass 

(Cynocsion n o b i l i s )  i n  C a l i f o r n i a  Waters", C a l i f .  Dept 

of Fish and Game,Fish B u l l .  No. 142 ,  34 pp. (1968) .  

F i t &  and Lavenberg (6-33). 

Arora,  H .  L . ,  "An I n v e s t i g a t i o n  of t h e  C a l i f o r n i a  

-Sanddab (C i tha r i ch thys  sord idus)" ,  C a l i f .  F ish and 

Game 37(1) : 3 -42  (1951). 

6-230 
000394 



a 6-80 

6-81 


6-82 

6-83 


6- 84 

6-85 

a 6-86 

6-87 


6-88 

Fitch, J. E., Offshore-Fishes of California, Calif. 


Dept. of Fish and Game, Sacramento (1958). 


Pearcy, W. G., "Distribution and Abundance of Small 

Flatfishes and Other Demersal Fishes in a Region of 

Diverse Sediments and Bathymetry off Oregon", Fishery 

Bull. 76(3):629-640.-

Ford (6-12). 


Fitch and Lavenberg (6-42). 


Weinstein (6-21). 


Weinstein (6-21). 


Baxter (6-9). 


Hedgepeth, J. W., Ecological Aspects of the Laguna 


Madre, A Hypersaline Estuary. In: G. H. Lauff (ed.) 


Estuaries, her. Assoc. Advancement Science, Pub. 83: 


408-419 (1967). 


Conover, R. J., "Oceanography of Long Island Sound 

1952-54. VI. Biology of Acartia clausi and A .  tonsa"-
Bull. Bringham Oceanog. Coll. 15:156-233 (1956). 


6-231 000395 




6-89 


6-90 


6-91 


6-92 


6-93 


6-94 


6-95 


6-96 


Woodmansee, R. A . ,  "The Seasonal Distribution of the 

Zooplankton of f  Chicken Key in Biscayne Bay, Florida", 

Ecology 39:247-262 (1958). 

Conover (6-88). 


Deevey, G .  B . ,  "The Zooplankton of Tisbury Great Pond", 

Bull. Bringham Oceanog. Coll. 12:l-44 (1948); . 

Johnson, J. K., The Dynamics of an Isolated Population 

of Acartia tonsa Dana (Copepoda) in Yaquina Bay, 

Oregon. Master's Thesis. Oregon State Univ.,Corvallis, 

O r e .  97 pp. (1974). 

Woodmansee (6-89). 


Uye, S. and A .  Flemiger, "Effects of Various Environment 

Factors on Egg Development of Several Species of Acartia 

i n  Southern California", Mar. Biol. 38:253-262 (1976). 

Heinle, D. R., "Production of a Calanoid Copepod, 

Acartia tonsa, in the Patuxent River Estuary", 

Chesapeake Sci. 7 :59-74 (1966). 

Johnson, M. E. and H. J. Snook, Seashore Animals of the 

Pacific Coast, Dover Publication Inc., New York. 255 

pp. (1967). 

6-232 




6-97 E s t e r l y ,  C .  O . ,  "Pelagic Copepoda of t he  San Diego 

Region", Univ. Calif .  Pub. Zool., Vol. 2 (1905). 

6-95 E s t e r l y ,  C .  O . ,  "The Free Swimming Copepoda from San 

Francisco Bay", University C a l i f .  Publ.  2001. 
26:81-129 ( 1 9 2 4 ) .  ..-. 

6-99 Jacobs (6-29). 

6-100 Baxter (6-51). 

6-101 Limbaugh (6-11). 

6- 102 Babel (6-18). 

e 6-103 Baxter (6-51) .  

ti- 104 Babel ( 6 - 18) . 

6- 105 Herald, E .  S . ,  Living Fishes of the World, Doubleday, 

Garden City ,  N . J .  (1961). 

6-106 Baxter (6-51)! 

6-107 Baxter (6-51). 

6- 108 Babel (6-18). 

6- 109 Miller and Lea (6-1). 

6-110 Limbaugh (6-11). 

? 

000397 

6-233 



6-111 

. 	 6-112 

6- 113 

6-114 

6-115 


6-116 

6-117 

6-118 

6-119 

6-120 

6-121 

6-122 

Feder e t  a l .  (6-36). 

Pinkas e t  a l .  (6-70). 

Baxter ( 6 - 9 ) .  

Ol iphant ,  M. S . ,  "Cal i forn ia  Marine F i sh  Landings f o r  

1976", C a l i f .  Dept. o f  Fish and Game, F i s h  Bull .  No. 

170 56 pp. (1979) .  

Baxter (6-9) 

Oliphant (6-114). 

Baxter (6-9).  

Lasker,  R.  and P .  E .  Smith, "Estimation of the Effects 

of Environmental Var ia t ions  on Eggs and Larvae of the 

Northern Anchovy", Ca l i f .  Coop. Oceanic F i sh .  Invest . ,  

Rept. 19:128-137 (1977). 

B r e w e r  (6-10). 

Baxter (6-9).  

Hunter, J .  R . ,  "Behavior and Surv iva l  of Northern 

Anchovy, Engraul i s  mordax, Larvae", C a l i f .  Coop. 

Oceanic F i sh .  I n v e s t . ,  Rep t .  19:138-14'6 (1976). 

Baxter (6-9). 

6- 2 34 008398 



6-123 

6- 1 2 4  

6-125 

6-126 

6 -127  

6-128 

6-129 

6- 130 

6-131 

Sunada, J .  S . ,  "Age and Length Composition of Northern 

Anchovies , Engraulis mordax, i n  t h e  1972-1973 Season 

C a l i f o r n i a  Anchovy Reduction Fishery",  Calif .  Fish and 

-61(3) :133-143 (1975).Game  

S p r a t t ,  J .  D., "Growth Rate of t h e  Northern Anchovy, 

Engraul is  mordax, i n  Southern C a l i f o r n i a  Waters, 

Calculated from Oto l i th s" ,  Cal i f .  F ish  and Game 

61(3) : 116-126 (1975). 

P a c i f i c  Fishery Management Council and U. S .  Department 

of Commerce, National Marine F i s h e r i e s  Serv ice .  

Northern Anchovy Fishery - F i n a l  Environmental Impact 

Statement and Fishery Management Plan. Washington D . C .  

119 pp. (1978) .  

Baxter (6-9) .  

B a n e  (6-41). 

F i t c h  and Lavenberg (6-42). 

F i t c h  and Lavenberg (6-42). 

Al len  and Horn (6-53). 

BMF (Bureau of Marine F i s h e r i e s ) ,  "The Counnerical F ish  

Catch of Ca l i fo rn ia  f o r  t h e  Year 1947 wi th  an 

H i s t o r i c a l  R e v i e w  1916-1947", Cal i f .  Dept. of Fish  and 

Game,- Fish Bul l .  No. 74, 267 pp. . (1949). 

6-235 000399 



6-132 

6-133 

6-134 

6-135 

6-136 

6-137 

6-138 

6-139 


6- 140 

6-141 

6- 142 

S t a r k s ,  E .  C .  and E .  L .  Morris,  "The Marine Fishes of 

Southern Ca l i fo rn ia" ,  University of Calif. Publ.  : 

Zoology 3(11) : 1 7 7 .  (1907).  

Allen and Horn (6-53).  

Miller and Lea (6 -1 ) .  

Walker, 13. W . ,  "A Guide t o  the  Grunion", Calif. Fish 

and Game 38(3) :409-420 (1952) .  

Baxter (6-51).  

Walker (6-135). 

David, L .  R . ,  "Embryonic and Early Larval  Stages of 

t h e  Grunion, L e u r e s t h e s  t e n u i s ,  and of  t h e  Sculpin,  

Scorpaena g u t t a t a " ,  Copeia 2:75-81 July 1 2 ,  1 9 3 9 ) .  

Clark,  F .  N . ,  "Grmion i n  Southern Ca l i fo rn ia" ,  

Ca l i fo rn ia  F ish  and Game 24:49-54 (1938). 

David (6-138).  

F i t c h  and 'Lavenberg (6-33).  

Walker (6-135).  

6-236 




6-143 	 Reynolds, W.  W . ,  D.  A .  Thompson and M. E .  C a s t e r l i n ,  

"Responses of Young Ca l i fo rn ia  Grunion, Leuresthes  

t e n u i s ,  t o  Gradients of Temperature and Light",  

Copeia (1):144- 149 (1977) . 

6-144 F i t c h  and Lavenberg ( 6 - 3 3 ) .  

6-145 F i t c h  and Lavenberg ( 6 - 3 3 ) .  

6-146 Oliphant (6-114) .  

6-147 Feder et  a l .  ( 6 - 3 6 ) .  

6-148 Roedel (6-57). 

6-149 F i t c h  and Lavenberg ( 6 - 3 3 ) .  

6-150 Feder e t  a l .  ( 6 - 3 6 ) .  

6-151. Limbaugh (6-11). 

6-152 Feder e t  a l .  (6-36). 

6-153 Feder e t  a l .  ( 6 - 3 6 ) .  

6-154 F i t c h  and Lavenberg ( 6 - 3 3 ) .  

6-155 Feder et  a l .  ( 6 - 3 6 ) .  

6-156 F i t c h  and Lavenberg (6-33). 

6-157 F i t ch  and Lavenberg ( 6 - 3 3 ) .e 
6-237 




6-158 


6-159 

6-160 


6-161 


6-162 


6-163 


6-164 


6-165 


6-166 


6-167 


* .  

Feder et al. (6-36). 


Duodorff, P., "The Resistance and Acclimitization of 

Marine Fishes to Temperature Changes. I1 Experiments 

with Fundulus and Atherinops", --Biol. Bull: 88:194-206 

(1945). 

Roedel (6-57). 


BMF (6-131). 

Roedel (6-57). 


Pinkas et al. (6 -70) .  

Calif. Dept. of Fish and Game, Preliminary Report of ' 

the California Partyboat Fleet 1978, Calif. Dept. of 

Fish and Game, Sacramento (1979). 

Fitch (6-80). 


Oliphant (6-114). 


Taylor, P. B., The Venom and Ecology of the California 

Scorpionfish Scorpaena guttata Girard, Univ. of Calif. 

S I 0  Dissertation, San Diego (1963). 



6-168 

6-169 

6- 170 

6-171 

6-172 

6-173 

6-174 

6 - 175 

a 6-176 

6-177 

6-178 

6-179 

6-180 

6-181 

6-182 


6-183 

6-184 

0 

David (6-138). 


Taylor (6-167). 


David (6-138). 


F i t c h  (6-80). 


F i t c h  (6-80). 


Miller and Lea (6-1).  


Feder e t  al. (6-36). 


Linlbaugh (6-11). 


Pinkas e t  a l .  (6-70). 


Jones (6-37). 


Jones (6-37). 

Fi tch  and Lavenberg (6-42). 


Jones (6-37). 


Jones (6-37). 


Fi t ch  and Lavenberg (6-42). 


Pinkas et a l .  (6-70). 


Quast (6-13). 


008403 
6-239 



6- 185 Col lyer  and Young (6-40).  

6-186 C a l i f .  Dept. F i sh  and Game (6-164). 

6-187 Col lyer  and Young (6-40). 

6- 188 Quast (6-13). 

6- 189 Quast (6-13). 

6-190 Limbaugh ( 6 - 11). 

6-191 	 Hulbrock, R . ,  Lengths, Weights and Ages of Th i r t een  

Sou the rn  Ca l i fo rn ia  Marine Gamefish,(Revised 1976) 

Calif. Dept. o f  Fish and G a m e ;  Resources Agency, . 

Sacramento 33 pp.  (1974). 

6-192 Collyer  and Young (6-40).  

6-193 Quast (6-13). 

6-194 Quast (6-13). 

6-195 Quast (6- 13) . 

6-196 F i t c h  and Lavenberg (6-42).  

6-197 F i t c h  and Lavenberg (6-42).  

6-198 Bane (6-41). 


6-199 F i t c h  and Lavenberg (6-42) .  


6-240 008404 



6-200 

6-201 

6-202 

6-203 

6-204 

6-205 

6-206 

6-207 

6-208 

6-209 

6-210 

6-211 

6-212 

6-213 

F i t c h  and Lavenberg ( 6 - 4 2 ) .  

Limbaugh (6-11). 

Miller, D.  J . ,  D.  Gotshal l  and R .  H i t sos ,  A F i e l d  

Guide t o  Some Common Ocean Sport  Fishes  o f  Ca l i fo rn ia  

P a r t  11, Cal i f .  Dept. of Fish and Game, Sacramento 

41 PP. (1961) . 

Bane (6-41) .  

F i t c h  and Lavenberg (6-42). 

Pinkas e t  a l .  (6-70). 

Col lyer  and Young (6-40). 

C a l i f .  Dept. F i s h  and Game (6-164). 

Limbaugh (6-11). 

Collyer and Young ( 6 - 4 0 ) .  

Linlbaugh (6-11). 

Q u s s t ,  J .  C . ,  "Observations on the Food of t h e  Kelp-

Bed Fishes", Cal i f .  Dept. of F i sh  and Game, Fish j3ull. 

No. 139: 109-142 (1968). 

Col lyer  and Young (6-40). 

Limbaugh (6-11) .  

6-241 




6-214 

6-215 

6-216 

6-217 

6-218 

6-219 

6-220 

6-221 

6-222 

6-223 

6-224 

6-225 

6-226  

6-227 

6-228 

6-229 

6-230 

Miller e t  a l .  (6-202). 

Bane (6-41). 

Limbaugh (6 - 11). 

Skogsberg (6-14). 

Oliphant  (6-114). 

Skogsberg (6-14). 

Feder e t  al. (6-36). 

Skogsberg (6-14). 

Skogsberg (6- 14) . 

Limbaugh (6-11). 

Goldberg (6- 72) . 

Goldberg (6-72). 

Feder a t  al. (6-36). 

Skogsberg (6-14). 

Skogsberg (6-14). 

Feder e t  a l .  (6-36).  

Thomas (6-77).  

6-242 




6 - 2 3 1  Fi t ch  and Lavenberg ( 6 - 3 3 ) .  


6 - 2 3 2  Oliphant ( 6 - 1 1 4 ) .  


6 - 2 3 3  T h o m a s  ( 6 - 7 7 ) .  


6 - 2 3 4  Calif. Dept.  F ish  and Game (6-164). 


6-235 T h o m a s  ( 6 - 7 7 ) .  


6-236 Fi t ch  and Lavenberg ( 6 - 3 3 ) .  


6-237 Feder e t  a l .  ( 6 - 3 6 ) .  


6 - 2 3 8  Fitch (6-80). 


a 	 6-239  T h o m a s  ( 6 - 7 7 ) .  

6-240 Fi tch  and Lavenberg ( 6 - 3 3 ) .  

6-241 Fitch ( 6 - 8 0 ) .  

6-242 F i t &  and Lavenberg ( 6 - 3 3 ) .  

6-243 Feder e t  a l .  (6-36). 

6 - 2 4 4  Skogsberg ( 6 - 1 4 ) .  

6-245 Baxter ( 6 - 5 1 ) .  

6 -246  B a x t e r  ( 6 - 5 1 ) .  

6 -247  Baxter ( 6 - 5 1 ) .  



6-248 

6-249 

6-250 

6-251 

6-252 

6-253 

6-254 

6-255 

6-256 

6-257 

6-258 

6-259 

6-260 

F i t c h  and Lavenberg (6-33). 

Pinkas e t  a l .  (6 -70) .  

F i t c h  and Lavenberg (6-33). 

Baxter (6-51). 

F i t c h  and Lavenberg (6-33).  

Limbaugh (6 -11) .  

F i t c h  and Lavenberg (6-33).  

Feder e t  a l .  (6-36). 

Joseph, D .  E . ,  "Growth C h a r a c t e r i s t i c s  of Two 


Southern C a l i f o r n i a  S u r f f i s h e s ,  t h e  C a l i f o r n i a  Corbina 


and t h e  Spo t f in  Croaker,  Family Sciaenidae",  Ca l i f .  


Dept.  of Fish and G a m e ,  F i s h  B u l l .  No. 119 ; 54 pp.  (1962). 


Limbaugh (6-11). 

Joseph (6-256). 

F i t c h  and Lavenberg (6-33).  

S t a r k s ,  E .  C . ,  "The Fishes  of  the  Croaker Family 

(Sciaenidae)  of  Ca l i fo rn ia" ,  C a l i f .  F ish  and Game 

5 (1):13-20 (1919) . 

6-244 




6-261 

6-262 

6-263 

6-264 

6-265 

6-266 

6-267 

6-268 

6-269 

6-270 

6-271 

6-262 

6-273 

6-274 

6-275 

6-276 

6-277a 

Feder e t  al. ( 6 - 3 6 ) .  


Feder e t  a l .  ( 6 - 3 6 ) .  


Limbaugh (6-11). 


Starks (6-260). 


Baxter (6-51). 


Oliphant (6-114). 


Pinkas e t  al. (6-70). 


C a l i f .  Dept. Fish and Game (6-164). 


Starks (6-260) .  


Maxwell (6-15). 


Goldberg (6-72). 


Baxter (6-51.). 


Hulbrock (6-192). 


B a n e  (6 -41) .  


Baxter (6-51). 


Goldberg (6-72) .  


Starks (6-260). 


000409 . 

6-245 



6-278 Haxter (6 -51 ) .  

6-279 Skogsberg (6-14). 

6-280 Limbaugh (6-11). 

6-281 Pinkas e t  al. (6-70). 

6-282 Skogsberg (6-14). 

6-283 Skogsberg (6-14). 

6-284 Limbaugh (6-11). 

6-285 Feder e t  a l .  (6-36).  

6-286 Limbaugh (6-11) .  

6-287 Feder e t  a l .  (6-36). 

6-288 Skogsberg (6-14). 

6-289 Skogsberg (6-14). 

6-290 Joseph (6-256). 

6-291 Joseph (6-256). 

6-292 S t a r k s  ( 6 - 2 6 0 ) .  

6-293 	 Barnhart P.  S . ,  Marine F ishes  of Southern California, 

Univers i ty  of Calif. P r e s s ,  Berkeley 209 pp. (1936). 

OOQ4%0 

6-246 



6-294 Feder e t  al. (6-36). 

6-295 Skogsberg (6-14). 

6-296 Feder e t  a l .  (6-36). 

6-297 F i t c h  and Lavenberg (6-33). 

6-298 Pinkas e t  al. (6-70). 

6-299 	 Carlisle,  J .  G .  J r . ,  J .  W. Schott  and N .  J .  Abramson, 

"The Barred Surfpercn (Amphisticus argenteus) i n  

Soutnern Cal i forn ia" ,  C a l i f .  Dept. of Fish and Game 

Fish  Bull .  No. 109, 79 pp. (1960). 

6-300 	 T r i p l e t t ,  E .  L . ,  "Notes on t h e  His tory  of the Barred 

Surfperch (Amphisticus argenteus)  and a Technique for  

Culturing- Embiotocid Embryos", Calif .  F ish  and Game 

46(4):433-439 (1960). 

6-301 C a r l i s l e  e t  a l .  (6-299). 

6- 302 C a r l i s l e  e t  a l .  (6-299). 

6-303 T r i p l e t t  (6-300). 

6 - 3 0 4  C a r l i s l e  e t  al. (6-299).  

6-305 F i t c h  and Lavenberg (6-33). 

6-247 




6-306 

6-307 

6-306 

6- 309 

6-310 

6-311 

6-312 

6-313 

6-314 

6-315 

6-316 

Clemens, W .  A .  and G .  V .  Wilby, "Fishes of t h e  Pac i f i c  

Coast of Canada", F i s h e r i e s  Research Board of Canada, 

Bul l .  68,  368  pp. (1946). 

M i l l e r ,  D.J . ,  "A F i e l d  Guide to Some Common Ocean 

Sport  F ishes  of C a l i f o r n i a  P a r t  I", C a l i f .  Dept. o f  

F ish  and  Game 41 pp. (1959). 

Pinkas e t  a l .  (6-70).  

'Hart ,  J . L . ,  "Pac i f i c  F ishes  of Canada", F i s h e r i e s  

Research Board of Canada, Bu l l .- 180, 740 pp (1973). 

Feder e t  a l .  (6-36). 

Baxter(6-51).  

Oliphant (6-114). 

Baxter (6-51).  

Rechni tyer ,  B .  and C .  Limbaugh, "Breeding Habi ts  of 

Hyperprosopon argenteum, a Viviparous F i s h  of 

Ca l i fo rn ia" ,  Copeia (1):41-42 (1952). 

Hart (6-309). 

Feder e t  a l .  (6-36). 

6-248 




6-3 1.7 

6-318 


6-319 


6-320 

6-321 

6-322 

6-323 

a 

6-324 

6-325 

6-326 

6-327 

6-328 

Anderson, R .  D . ,  C .  F .  Bryan, "Age and Growth of t h r e e  

Surfperches (Embiotocidae) from Humboldt Bay, C a l i f o r 

nia" ,  Trans. h e r .  F i s h  SOC. 99 (3) :475-482 (1970). 

Anderson and Bryan (6-317). 

Hobson, E .  S., James R.  Chess, "Trophic I n t e r a c t i o n s  

Among Fisries and Zooplankters Near Shore a t  Santa  

Catal ina" ,  Fishery Bull. 7 4 ( 3 )  :567-598 (1976). 

Miller and Lea (6-1). 

Hart (6-309). 

Feder e t  al. (6-36). 

Tarp, F.  H . ,  "A Revision of t h e  Family Embiotocidae 

(Surfperches)" Calif. Dept. of F i sh  and Game, F i s h-
B u l l .  NO. 88:51-53 (1952). 

! 

Wiebe, J .  P . ,  V h e  Reproduct,ive Cycle of t h e  Vivip?rous 

Seapeach, Cymatogaster aggregata ,  Gibbons", Canadilm 

Jour. of Zoology (46) :1221-1234 (1968). 

Bane and Robinson (6-17). 

Bane and Robinson (6-17). 

Wiebe (6-324) . 

Bane and Robinson (6-17).  

6-249 




6-329 

6-330 

6-331 

6-332 

6-333 

6-334 

6-335 

6-336 

6-337 

6-338 

6 - 3 3 9  

6-340 

6 - 3 4 1  

F i t c h  and Lavenberg ( 6 - 3 3 ) .  

Bane and Robinson (6-17).  

Bane and Robinson ( 6 - 1 7 ) .  

Roedel, P .  M . ,  "Common Marine Fishes  of Ca l i fo rn ia" ,  

C a l i f .  Dept. of Fish and G a m e ,  F i sh  Bu l l .  No. 68, 

150 pp. (1948). 

Oliphant (6-114). 

Thomson (6-31). 

Odum (6-32). 

Thomson (6-30).  

F i t c h  and Lavenberg (6-33). 

Thomson (6- 30) . 

Moyle (6-39).  

Martin,  F . ,  E .  Drewry, Development of  Fisnes of t h e  

Mid-Atlantic Bight ,  An A t l a s  of Egg , Larval and 

J u v e n i l e  Stages, V o l .  6 Stromateidae Through 

Ogcocephalidae, U.S. Dept. of I n t e r i o r ,  Fish and . 

W i l d l i f e  Se rv ice  FWS/OBS - 78/12  Washington D.C. 416 pp. 

(1978).  

Odm (6-32). 

6-250 




6-342 


6-343 


6-344 


6-345 


6-346 


6-347 


6-348 


6-349 


6-350 


6-351 


6-352 


6-353 


6 - 3 5 4  

6-355 


6-356 


0. 6-357 


Thomson (6-30). 


Moyle (6-39). 


Miller and Lea (6-1) .  


Martin and Drewry ( 6 - 3 4 0 ) .  

Fi tch  (6-80). 

Oliphant (6-114). 

Fi tch  and Lavenberg (6-33). 

C F G (6-164). 

Limbaugh (6-11). 

F i t c n  (6-80). 

Warner, R. "The Reproductive Biology of t h e  Protogynous 

Hermaphrodite Pimelometopon pulchrum" , Fishery Bull. 

73(2) :262-283 (1975). 

Warner (6-352). 

Limbaugh (6-11). 

Fi t ch  and Lavenberg ( 6 - 3 3 ) .  

Limbaugh (6-11). 

Feder et a l .  (6-36).  

6-251 




6-358 

6-359 

6-360 

6-361 

6-362 

6-363 

6-364 

6-365 

6-366 

6-367 

6-368 

6-369 

6-370 

6-371 

6-372 

6-373 

6-374 

Feder e t  a l .  (6.-36). 


Limbaugh (6-11). 


Miller and Lea (6-1).  


Warner (6-352). 


Warner (6-352). 


Bane (6-41). 


Limbaugh (6- 11). 


Limbaugh (6-11). 


Barnhart  (6-293). 


Linibaugh (6- 11). 


Feder e t  a l .  (6-36).  


Bane (6-41). 


F i t &  and Lavenberg ( 6 - 3 3 ) .  


Oliphant (6-114). 


Fitch and Lavenberg (6-33).  


Pinkas e t  a l .  (6-70). 


C a l i f .  Dept.  Fish and Game (6-164). 


. 

6-252 




6 - 3 7 s  

6 - 3 7 6  

6 -377  

6 - 3 7 8  

6 - 3 7 9  

6 - 3 8 0  

6-381 

6 - 3 8 2  

6 - 3 8 3  

6 - 3 8 4  

6 -385  

6 - 3 8 6  

6 -387  

6 - 388 

Clark ( 6 - 1 6 ) .  

F i t c h a d  Laveriberg ( 6 - 3 3 ) .  

Frey ( 6 - 5 8 ) .  

Hildebrand, S. F. .  and L. E .  Cable, "Development and 

L i f e  History of Fourteen Teleostean Fishes  a t  Beaufort ,  

N. C . "  U . S .  Bur. F i s h . ,  Bull .  4 6 :  382-488 ( 1 9 3 0 ) .  

Frey ( 6 - 5 8 ) .  

F i t c h  and Lavenberg ( 6 - 3 3 ) .  

Hulbrock (6-191).  

F i t c h  and Lavenberg ( 6 - 3 3 ) .  

Frey ( 6 - 5 8 ) .  

Arora ( 6 - 7 9 )  . 

Roedel ( 6 - 3 3 2 ) .  

Arora ( 6 - 7 9 ) .  

F i t c h  and Lavenberg ( 6 - 3 3 ) .  

Krav i t z ,  M .  J . ,  W .  G .  Pearcy, M. P. Guinn, "Food of  

Five Species of Co-occurring F l a t f i s h e s  on Oregon's 

Cont inenta l  Shelf" ,  Fishery Bull .  7 4 ( 4 )  :984-990  

( 1 9 7 6 ) .  

6 - 2 5 3  




6-389 

6-390 

6-391 

6-392 

6-393 

6-394 

6-395 

6-396 

6-397 

6-398 

6-399 

McAll is ter ,  R. ,  "Cal i forn ia  Marine Landings f o r  1974", 

C a l i f .  Dept. o f  F ish  and Game, Fish Bu l l .  No. 166, 

53 pp. (1976). 

Oliphant (6-114). 

Pinkas,  L . ,  "Ca l i fo rn ia  Marine F i sh  Landings f o r  1975" 

Cal i f .  Dept. o f  F ish  and G a m e ,  Fish Bull .  No. 168, 

55 pp (1977). 

Pearcy (6- 81) . 

Arora (6-79). 

F i t c h  (6-80). 
.. 

Arora (6-79). 

Arora (6-79). 

F i t c h  (6-80).  

Kravi tz  e t  a l .  (6-388). 

Pearcy, W .  G . ,  D. Hancock, "Feeding Habi ts  o f  t h e  

Dover So le ,  flicrostomus p a c i f i c u s  ; Rex Sole, 

Glyptocephalus  zachirus; Slender  So le ,  Lyopset ta  

e x i l i s  and Pacif ic  Sanddab, C i tha r i ch thys  s o r d i d u s ,  i n  

a Region of Diverse Sediments and Bathymetry o f f  

Oregon", F ishery  B u l l .  76(3) :641-651 (1973). 

6-254 




Arora (6 -79) .  

C - f + O l  F i t c h  and Lavenberg ( 6 - 3 3 ) .  

6-402 F i t c h  and Lavenbern ( 6 - 4 2 ) .  

6-403 Ford (6-12).  

6-404 Fi t ch  and Lavenberg (6-42). 

6-405 Ford (6-12). 

6-406 F i t c h  and Lavenberg ( 6 - 4 2 ) .  

6-407 Ford (6-12). 

6-408  	 Best, E .  A . ,  "Status of t h e  Animal Food Fishery i n  

Northern C a l i f o r n i a ,  1956 and 1 9 5 7 " ,  Cal i f .  F i sh  and 

G a m e  4 5 ( 1 ) : 5 - 1 8  (1959) 

6-409  	 F i t c h ,  J .  E . ,  "A Review of t h e  Fisnes  of t h e  Genus 

Pleuronichthys" Los Angeles Co. Museum Cont r i .  Sci.,-
No. 76 ,  33 pp. ( 1 9 6 3 ) .  

6-410 Oliphant (6-114). 

6 - 4 1 1  	 Budd, P .  L . ,  "Developmenr of the Eggs and Ea r ly  

Larvae of S ix  C a l i f o r n i a  Fishes", Cal i f .  Dept. of Fish 

and Game,  Fish Bull. No. 56 5 3  pp. (1940 . ) .  

e 6-412 Budd ( 6 - 4 1 1 ) .  

6-255 00042.9 



6-413 F i t ch  (6-409). 

6-414 Miller and Lea (6-1) .  

6-415 Miller and Lea (6-1).  

6-416 McAll is ter ,  R . ,  "Ca l i fo rn ia  Marine F ish  Landings f o r  

1973", Ca l i fo rn ia  Dept. of Fish and Game, F i sh  Bull .  

No. 163, 53 pp. (1975). 

6-417 .McAllister (6-389). 

6-418 Pinkas (6-391). 

6-419 Oliphant (6-114). 

6-420 Baxter (6-51). 

6-421 Sumida e t  a l .  (6-52).  

6-422 Baxter (6-51). 

6-423 Baxter (6-51). 

6-424 Lane, E .  D .  ,. M .  C .  S .  Kingsley;. D .  E .  Thorton, 

"Daily Feeding and Food Conversion Ef f i c i ency  of the 

Diamond Turbot:  An Analysis  Based on F i e l d  Data", 

Trans.  h e r .  F i sh .  SOC. 108(6):530-535. 

(1979). 

6'-425 Bane (6-41). 

6-426 Miller and Lea  (6-1).  

6-256 




6-427 

6-428 

6-429 

6-430 

6 -431  

6-432 

6-433 

6 -434  

6-435 

6-436 

6-437 

a 

6-438  

.. .
L' - .* -3 " 

0-440 

6 - 4 4 1  

Baxter ( 6 - 5 1 ) .  

Zar,  J .  H . ,  B i o s t a t i s t i c a l  Analysis ,  Pren t ice-Hal l ,  Inc 

Englewood C l i f f s ,  N.J., 620 pp. (1974.) .  

Quast ( 6 - 1 3 ) .  

Limbaugh ( 6 - 1 1 ) .  

Fi t ch  and Lavenberg ( 6 - 4 2 ) .  

Bane ( 6 - 4 1 ) .  

Limbaugh ( 6 - 1 1 ) .  

Hart ( 6 - 3 0 9 ) .  

Hart ( 6 - 3 0 9 ) .  

Frey  ( 6 - 5 8 ) .  

Arora. (6- 7 9 )  . 

Fi tch  ( 6 - 8 0 ) .  

Frey ( 6 - 5 8 )  

Fi t ch  and Lavenberg ( 6 - 4 2 ) .  

Ford ( 6 - 1 2 ) .  

6-442 'Frey ( 6 - 5 8 ) .  

e 6-443 Fi t ch  and Lavenberg ( 6 - 4 2 ) .  

000421 ' 

6-257 



6-444  Baxter ( 6 - 5 1 ) .  

6-445 Lasker and Smith ( 6 - 1 1 8 ) .  

6-446 Brewer ( 6 - 10). 

6-447 F i t c h  and Lavenberg ( 6 - 4 2 ) .  

6 -448  Clark ( 6 - 1 3 9 ) .  

6-449 Walker ( 6 - 1 3 5 ) .  

6 -450  Fi t ch  and Lavenberg ( 6 - 3 3 )  + 

6 - 4 5 1  Feder e t  a l .  ( 6 - 3 6 ) .  

6-452 David ( 6 - 1 3 8 ) .  

6-453 F i t c h  and Lavenberg ( 6 - 4 2 ) .  

6 -454  C o l l y e r  and Young ( 6 - 4 0 ) .  

6.- 45 5 F i t c h  and Lavenberg ( 6 - 4 2 ) .  

6-456 Collyer  and Young ( 6 - 4 0 ) .  

6 -457  Limbaugh ( 6 - 1 1 ) .  

6 -458  Goldberg ( 6 - 7 2 ) .  

6-459 Thomas ( 6 - 7 7 ) .  

6-460 F i t c h  and Lavenberg ( 6 - 3 3 ) .  

6 -258  




6 - 4 6 1  

6-462 

6-463 

6 -464  

6-465 

6-466 

6 -467  

5 -468  

6-469 

6 -470  

6-471 


6-47? 

6 -473  

6 -474  

6-475 

Feder e t  a l .  ( 6 - 3 6 ) .  

Maxwell ( 6 - 1 5 ) .  

Goldberg ( 6 - 7 2 )  . 

Skogsberg ( 6 - 1 4 ) .  

T r i p l e t t  ( 6 - 3 0 0 ) .  

Hart ( 6 - 309)  . 

Feder e t  a l .  ( 6 - 3 6 ) .  

Wiebe ( 6 - 3 2 4 ) .  

Bane and Robinson ( 6 - 1 7 ) .  

Lirnbaugh (6-11) .  

Bane ( 6 - 4 1 ) .  

Frey  ( 6 - 5 8 ) .  

Fitch and Lavenbei-g ( 6 - 4 2 ) .  

Budd ( 6 - 4 1 1 ) .  

Sumida e t  a l .  ( 6 - 5 2 ) .  

. 

? '  

6-259 




6-476 

6-477 

6-478 

6-479 

6-480 

6-481 

6-482 

Al len ,  G . ,  A .  Delacy and D. Go t sha l l ,  Quan t i t i ve  

Sampling of Marine Fishes  - A Problem i n  F i sh  Behavior 

and Fishing Gear, College of F i s h e r i e s  Cont r ibu t ion  

No. 70, Universi ty  of Washington, Sea t t le  (1960). 

Odum, E .  P . ,  "Pr inc ip les  and Concepts P e r t a i n i n g  t o  ' 

Organizat ion a t  t h e  Community Level", In:  Fundamentals 

of  Ecology, 3rd e d i t i o n ,  W .  �3. Saunders Co., 

Phi l ade lph ia ,  575 pp. (1971). 

Pankhurst ,  ' R. J . ,  Bio logica l  I d e n t i f i c a t i o n  wi th  

Computers, Academic Press, New York, pp 83-87, (1975). 

Kjelson,  M . ,  and G .  Johnson, "Catch E f f i c i e n c i e s  of a 

6.1-meter Otter T r a w l  f o r  Es tua r ine  F i s h  Populations",  

Trans. Am. Fish .  SOC. 107(2) :246-254 (1978). 

Kjelson and Johnson (6-479). 

Mearns, A .  J., and M. J .  A l l en ,  Use of Smal l  Otter 

T r a w l s  i n  Coastal  B io log ica l  Surveys,  Southern 

C a l i f o r n i a  Coas ta l  Water Research P r o j e c t ,  Cont r ibu t ion  

N O .  66, Long Beach (1978). 

N. M .  F .  S . ,  F i s h e r i e s  of the United States 1979, 

Current Fishery S t a t i s t i c s  No. 8000, U . S .  Dept. 

Commerce, 131 pp. (1980). 

6-260 




-- 

6 - 4 8 3  N 11 F S (6-482). 

6-484 Miller and Lea (6-1).  

6-485 Lane and B i l l  (6 -59 ) .  

6-486 	 Connell, 3. H . ,  B. J .  Nechalas and J . A .  Mihursky, 

Annual Report t o  t h e  Ca l i fo rn ia  Coastal  Commission 

Aug. 1976 - Aug. 1977, Appendix I Estimated E f f e c t s  

of  Songs U n i t  I on Marine Organisms: Technical 

Analysis and Resu l t s .  Marine R e v i e w  Committee, 

MRC DOC. 77-09 NO.-Z (1977). 

6-487 SCCWRP (6-7).  

5-488 	 Smith, P .  E .  and S. L. Richardson, Standard Techniques 

f o r  Pe lag ic  F ish  Egg and Larva Surveys, FA0 F i s h .  Tech. 

Paper No. 175 Rome, 100 pp. (1977). 

6-489 	 Bowles, R .  R . ,  J .  V .  Merriner ,  G .  C .  Grant,  Fac tors  

Associated with Accuracy i n  Sampling F i sh  Eggs and 

Larvae, U.S. Fish  and Wi ld l i f e  Serv ice .  Office of 

Bioi .  Services  FWS,'OBS - 78/83, 67 pp. (1978).  

6-490 	 Colton, J .  B . ,  K. A .  Honey, R .  F. Temple, "The 

Effec t iveness  of Sampling Methods Used t o  Study the  

D i s t r i b u t i o n  of Larval Herring i n  the Gulf of Maine", 

J .  Cons. Perm. I n t .  Explor. Mer. 26:180-190 (1961).- 

6-251 




6-491 

6-492 


6-493 


6-494 


6-495 


6-496 


6-497 


6-498 


6-499 


Cassie, R. M. , "Microdistribution of Plankton", 

Oceanogr. Mar. Biol. Annual Rev. 1:223-252.  (1963). 

Wiebe, P. H. "Small-scale Spatial Distribution in 

Oceanic Zooplankton", Limnol. Oceanogr. 15(2) :205-217 

(1970) . 

Wood, R. J., "Some Observations on the Vertical 

Distribution of Hezring Laruae", Rapp. Proc. - Verb. 

Rem. Cons. Perm. Int. Explor. Mer. 160:60-64 (1971). 

Bowles et al. (6-489). 


Smith and Richardson (6-488). 


Leithiser, R. M., K. F. Ehrlich, and A .  B. Thum. 

"Comparison of a High Volume Pump and Conventional 

Plankton Nets for Collecting Fish Larvae Entrained in 

Power Plant Cooling Systems",Jour. Fish Res. Board Can. 

3 6 m - 8 4  (1979). 

Connell et al. (6-486). 


Connell et al. (6-486). 


Ecological Analysts, Inc., Potrero Power Plant cooling 

water intake structures 316(b) demonstration. Pre

pared for Pacific Gas and Electric, San Francisco, 

Calif. (1980). 

6-262 




6-500 	 Alden, K. W .  111, "Effects  of a Thermal Discharge on 

t h e  Mor ta l i ty  o f  Copepods i n  a Subtropical  Estuary",  

Environmental Pollution:3-19 (1979). 

6-501 	 Reeve, M. R. and E .  Cosper, "The Acute E f f e c t s  of 

Heated Ef f luen t s  on t h e  Copepod (Acart ia  tonsa)  From 

a Sub-tropical  Bay and Some Problems of Assessment," 

FA0 Tech, Conf. on Mar. P o l l .  and Its Effects on 

Living Resources and Fisning. FIR:MP/70/E-59. Rome, 

I t a l y ,  4 pp. (1970). 

6-502 	 Ahlstrom, E. H. and H .  G. Moser, D i s t r i b u t i o n a l  A t l a s  

of Fish Larvae i n  t h e  Cal i forn ia  Current Region: 

F l a t f i s h e s ,  1955 through 1960. CALCOFI A t l a s  No. 23 

Marine Research Committee, S t a t e  of C a l i f . ,  La J o l l a ,  

Calif .  207 pp. (June 1975). 

6-503 Ahlstrom and Moser (6-502). 

6-504 Ahlstrom and Moser (6-502). 

6-505 Allen e t  a l .  (6-476). 

6-506 McFadden, J. T., -Environmental Impact Assessment f o r  

Fish Populat ions,  In: R .  K .  Sharma, J .  D.  Buffington, 

and J .  T .  McGladden (eds . )  Proc. Workshop Bio l .  

S igni f icance  Environ. Impacts, NR-CONF-002. 

Nuclear Regulatory Commission, Washington, D . C .  

pp 89-137 (1975). 



6-507 

6-508 

,6-509 

6-510 

6-511 

6-512 

6-513 

Kjelson,  M. A . ,  Estimating t h e  S i z e  of Juven i l e  Fish 

Populat ions i n  Southeastern Coas ta l -P la in  Estuaries, 

In :  W .  Van Winkle (ed) Proceedings of t h e  conference 

on a s s e s s i n g  the  effects  of  power p l a n t  induced 

m o r t a l i t y  on fish populat ions.  Gat l inburg ,  Tennessee 

(May 3-6, 1977) pp 71-89. 

Kjelson and Johnson (6-479). 

Mearns and Allen (6-481). 

Kjelson and Johnson (6-479). 

Mearns and Allen (6-481). 

Kjelson (6-507). 

Kjelson (6-507). 

6-264 




000429
6-265 






In aJ 

U U C v1 
0 m m 1 
n u c 0 
0) In In n al 
n m 3 CL 0
0 In al L 1 0 u '0 c) V z N 

c0 m
L P U I a 0)
01 m .- al V 
t c) In c VI 
U al > c U .
0 0 r a 0 I: 

I:: 1:: . kt: a 

t I I 1 

- 09' 
W N c 

SO'EQpp 0 
I 

0 0 

i
i 

!Put 

1I--
I I-++ 

1 

-I7- 'I I 
r - m 
c c 

' 6-267 



Indiv iduals  ( X 10' 

IC 
m 


f 

W O  w mLnm 
r m 

N 
0 
0 
'd 
w 
% x 

cn 

31
2. 


U 
!-4 
Irl
GI 

0 

0 

R 

5 
(D 
-l 

N 

# 

D c 0 
R
d 


# 	 ir 
(D 
-l 

' I  
 6-268  




In 
PJ U C L? 

v) 0 m m 3 
C 0. f 

In 
c 0 

0 	 0) a 0a P 0 L 
0 In 1 0 m 
V 0 0 N

L 
L E:- 0 I 
0) m 0)c u m c f 
U Q) c c Y 
0 D V a 0 



I n d i v i d u a l s  ( x 10' 

3 0 -D 0-. n n 
v, 3- d 3 
0 ID ID 

7 G, 7 

N a 0 
0 5 'I 
0 0 E 

U VI v, 


r* 

0, 

n 

0 


3

(0 
'1 

0 

0

U 

m 
0 

0 
a 

v, 

6-270 




sr 

z 
A
0 

2: 
0 
U 

u 
U cc 


In ru Y E 

r J - 0  u c m u 
w 


I4 
;I-1 

d 


v)
4u 

H 
CI 

z 

4 
v) 


a 

6-271 




D 

lndiv iduols  

II 0 -. n 
5
ID 

1 


-

nJ 

3 

2;

c ) n
0
z 3 


U 

v) 

( X I O 6  

0 
R 
5 

c 
v) 
R 
01 
c,

ID 

01 

0 
n 
=r 
ID 

-l 

6-272 




m 

6-273 




Indiv iduals  ( X los 

O R
- l o  

0 3 

C 
U 


6-274  




I 

W 
dl 


W
- n 

E 

' /  

-
c 

0 

c 

x I 1-

e 

7 


i3 


5 


Na n 
0 

0 
3 I 

I El 
v)-
Y2 -I 
a
> a 

- -
E L ~~ 

0 7 -r 
MAY JUN JUL SEP O C 1  N O V  DEI 

1 9 7 9  L L L 

1 a
J 

I L I L..orvol Fish 

l ' l ~ l ~ l ' . ~ l ~ i ; i ~  N Y  : f: f LAJIU: ?;a. 
hU!N )\i.-.\ (:cSs :I I.'I':\STS 6.4-11i: I )  -c1.1' I)!: 



- 2 0  c 0 
0; 0IN N 

1 3 - 	 N 
r 

4 4 
I t j - E .  E 

17 -
L 


1F

15

-
-r 

JUI  A U G  SEP O c '  N O V  D E I  

L '\9 L 

L 

Fish E g a s

1.7
Larval Fish  

1
SAX D1i:GO GAS & ELEC'I'RXC CO~IPC\XY 

Offshore ichthyoplankton abun
dance - 5 0 5 ~data 



L - 4 4 . 8 , E - 1 2 2 . 6  

J. a I 

J A N  I -Lb M A R  A P H  M A Y  JUN JUL dUG S E P  O C T  Go\V D E C  
\ 

1 9 7 9  L L 

a f i s h E g g s  

Larval Fish 

Outer lagoon ichthyoplankton abun
dance - 3 3 5 ~data 

‘Encina Power Plant - August 1, 1980~ ~ 0 4 4 ~  

l ’ l ~ l ~ l ’ , \ l ~ i . i ~H Y :  i: i LiJltii .S3. 
\ \ o ! l l c~~ \ I~ l~ -L CI,Y!)Ii COTS1I l*-l...\s.r.? 6.4-13 



"!' i- EE 

L .i 

-
E 

7 

,E 
E 3 


E 

-
W T  
I \ .  

J A N  F E b  S E P  O C T  NOV D E C  
L 



. _ _  . - .  . . ._. 
0. 
c) 


1 ‘ I  N 

4 

17 

i 5  

14 

13 
-
YI 12 
0 
c 


X 1 1-
ul 


0 10 
D
.
.-> 9a 
E- 1 

-
E 

-L L 

1 ’ 1 . 1 I ! 17 

JAN F E b  W A R  A P W  MAY JUN JUL AUG SEP O C T  N O V  D E C  

1 9 7 9  

r 

SI;N D1i:GO C2.S 5, ELECTRIC CO>lPA”I 

Middle lagoon ichthyoplankton abun
dance - 3 3 5 ~data 

Encina Power Plant - August 1,’1980 
1 ’1: f i I’A i; i;D !i i : 1: ILIJItL Sd. 
l iOiN )tf:’\ i:!I -CLY II !: COSS [J i:i~..w-s 6.4-15 



.. 

E 

-
L 


P , n  
- I C  

0 
0Eli h 

J I N  FEb M A H  A P R \ M A Y  JUN JUL BUG S E P  O C T  N O V  Oft 

L 1 9 7 9  

f isti E g g s  

L a r v o l  Fish 

SAP1 D I L G O  G?,S h ELECTRIC CONPANY 

Middle lagoon ichthyoplankton abun 
dance - 505lJ data a 

Encina Power Plant - August  1, 1980 
l’l;I~l’~ll~l;l~
i%Y: I: I WIU3 Sc) . 
iiooi w x i )  - (1LY111: ccss~i I .ns*rs 6.4-16 

i 



16 

17 

15 

13 

a 

7 

6 


5 

4 

3 


3 .  

1 

0 
J A N  T E b  M A R  P - P R  M A Y  JUN JUL A U G  S E P  O C T  NOV O E C  

1 9 7 9  

l ' l ~ l ~ i ' . \ l : l ~ l l);Y : I: 1tillltli Sd .0004+:si I\ OO! )h'.ilti 1- (:1.1' I ) I :  COSS i I l.'I'ASTS 6.4-17-



-;IC! 
0 

m 

W

19

1 8 -
E E 

1 7 

16

15 

14 

1 3 

1 2 

1 1 

10

9  


8- E 

7  


6 


5. 


4 


3 .  

2 -
L 

1 -
L L 

0 -c --T- -
J I N  F C 6  M A R  I P R  M A Y  

r 

- -
N c 

c N 
U (D 

/ 4 
E E 

m 

N 

K 

-I -
L 
7 -L 

JUN JUL B U G  S E $  O C T  N O V  DEC 

1 9 7 9  L 

-
S A N  D1I:GO GAS & ELECTRIC!  CO>lPA;4y 

l ’ l ~ l ~ l ’ i i l ~ i ~ l ~  1: I tiIIIK so .!il’: 
~ o o iIKAI:I)- CLYIK co.i‘.c;i i i:ixrs 6.4-18 



...............
...............
............... Additionally Treoted A s  Critical Species ( 6 7  % ) 
............... 


Non-Cr i i ico l  Species  ( 0 4  % 

SAN D I I 3 G O  GA5 & ELECTRIC COMPANY 

Percentages ot total nekton abun
dance contributed by designated
sDecies categories~ 

Encina Power Piant - Awust 1. 1980 
l ' l~Ei ' i \ l~ l~ l l13Y : 1 F IClIlIE SO. 



umlophus halleri 


4 0  d
30 


2 0  

1 
0 2 0 0lob3L

2 40 2 8 0  320BO 1 2 0  

Standard Length (mm) 

Engraulis mordax 
1 2 0  

100 

8 0  

6 0  

4 0  

20 


0 
0 40 

Tota l  Length (mm) 

d 

SAN DIEGO GAS & E L E C T R I C  COMPANY I 
Length-frequencies for Urolo hus 

halleri and Engraulis m*@ 


Encina Power Plant - August 1, 1980 
l ’ l ~ l ~ l ’ , ~ \ l ~ l ~ l ~  FlGlJIE SO.BY :. 
li0(1I 1I\’:\I: 1) -C1.1’ I) 11 COSSI! L’I’XS’TS 6.5-2  

I 



Anchoa comprcssa 

110 

109 r 
e o  

6 0  1
40  -

T o t a l  Length (mm) 

40 -

Total Length (nun) 

SAN DIEGO GAS & ELECTRIC COMPANY 

Length-f1:equencies for Anchoa 
compressa and Anchoa delicafissima 

l ' l ~ l Y ~ \ l ~ l ~ i )IiY : F l W M  SO.008G*?.5) 1COOI)IC:\ I; 1)- I:1.Y I) I i COSSIJI.I';\STS 6.5-3 



"I 


2 0  40 6 0  1 1 

Total Length (mm) 

A therinops affinis 

300 


2 5 0  

2 0 0  

1 5 0  

100  

5 0  

0 
1 0 260 ' 2 5 0  ' 300 . 3 5 0  ' 40  0 

Total Length (mm) 

I SAN D I I I G O  Gt'lS b ELECTRIC COMPANY 

Length-frequencies for  Leuresther 
tenuis and Atherinops an in16  el 

l'l~l:l'~\l~i~l~ HY : FIGURE SO.  
It001) \ i r \ l < l )  -C 1.Y I1II COSSlJLTrLX'IS 6 . 5 - 4  

6-256 




Scorpaena guttata 


2 8 0  320 

Total  Length (mm) 

Lcp toco ttus armtus 

5 0  
4 0  

3 0  


0 5 0  100 150  2 00 2 5 0  

Tota l  Length (mm) 

J 

SAN DIEGO GAS & ELECTRIC COMPANY 

Length-frequencies for Scorpaena 
guttata and Leptocottus armatus 

Encina Power Plant - August 1, 1980 
UY:r l~~ l ' , l l~ i . l~  F I G U U  KO. 

15001)K:\K I )  -CLYDE COSSlJIA'TtlNTS 6 . 5 - 5  
i 



7 0  

6 0  e 
S O  

4 0  

30 


2 0  n

10 

0 
0 360 ' S S O  

Total  Length (mm) 

Paralabrax n e b u l i f e r  8 

40 I 
30 


20 


1 0  1 
0 

100 2 300 400 5 0 0  

T o t a l  Length (m) 

I SAN DIEGO GAS FU ELECTRIC COMPANY I 
Length-frequencies f o r  
clathratus and 

1
I 
Encina Power Plant - Aunust 1. 1980- \ 

6-288 




Para1abrax JIMc u latotascfatu6 

Tota l  Length (mm) 

Cynoscion nobilis 

Total  Length (mrn) 

SAN D I E G O  G A S  & ELECTRIC COMPANY I
L
I 

Length-trequencies t o r  Paralabrax 
maculatofasciatus and Cynoscion

n o b i l i s  



140 

12 1) 

100 

0 0  

6 0  

40 

2 0  

0 
0 

8 0  

6 0  

4 0  

2 0  

0 
0 

Total Length (mm) 

Menticirrhus undulatus 

h 

2 00 100 400 S O 0  6 0 0  7 00 

Total Length (mm) 

SAN DIEGO GAS & ELECTRIC COMPANY -
Length-frequencies f o r-itus and Menticirrhus 


6-290 




Cenyoncmus l fneatus  

1 

r 
~~ IO0 

0 9 

total Length (mm) 

Roncador steanui 
30 f 

2 0  I 
I D . 800  . ?OO 

total Length (n) 

1 	 SAN DIEGO GAS C ELECTRIC COMPANY I 
Length-fraqurncier for 
lincratur and Rondrdor 

6-




Amphls tZcnus argenteus 
5 0  -

a 


-
0 

Total Length (mm) 

Hyperprosopon argenteum 


1 2 0  

1 0 0  

8 0  

6 0  

40 


2 0  

1200 
0 - 1> I 200 ' 2 4 0  

T o t a l .  Length (mm) 

~~ 

SAN DIEGO Gr'lS E; ELECTRIC COMPANY I 
Length-frequencies for Amphigtichu 

argenteus and Hyperprosopon 


Encina Power Plant - August 1, 1980 
l ' l ~ l ~ l ' . . \ l ~ l ~ l ~BY :' FIGUllE so. 
\<tIOl)\<:\ I: 1) -CLYDII COSSiJ LTrlSTS 6.5-10 

1 

6-




a Cyma togaster aggregata  

2 00 

1 so 

100 

5 0  

0 
0 4 0  80 1 2 0  160 2 0 0  

Tota l  Length (mn) 

Mugil cephalus 


1 

Total  Length (m) 

I 


1 

SAN U1I:GO GAS & ELECTRIC COMPANY 

Length-frequencies for C to aster 
aggregata and Mugil cep-

Encina Power Plant - August 1, 1980 
l ’ l~ i~I ’ . . \ l ~ l : l )u’i : FIGURE so. 
KOOl)\t: l i~l)-CLYDE COSSlJ LTzlNTS 6.5-11 

I 

I 


6-2?3 




Heterostichus rostratus 

40 m 

D 

T o t a l  Length (mm) 


Para1ichthys ca1ifornicus 


2 5 0  2

2 0 0  


1 5 0  

0 1 


-
0 

1 

I 3 0 0  400  5 00 


T o t a l  Length (m) 

I SAN DIEGO GAS & ELECTRIC COMPANY 1 


ri:i:i'..wi:i) i3y : 


6-294 




Citharlchthys stigmeus 
-.-I-2 5 0  

2 0 0 

15G

100

100 0 140 160 180 2 00 

Total Length (mm) 

Plcuroni chthys verti cali s  

4 o  I 

0 3 5 0  

Total Length 


I SAN DIEGO GAS & ELECTRIC COMPANY I 

3 0 1  



H y p s o p s e t t a  g u t t u l a t a  


3 0  

40  

3 0  


-2 0  

101 r 
0 015 0  100 1 5 0  2 

To ta l  Length (mm> 

I SAN D I G G O  G A S  & ELECTRIC COMPANY I
I I 

Length-frequencies for 
uttulata 



6-297 




u 

v, w 
C 
Y r"i,
N 
0 
3 i 
(D I

I 
b o1 
I 
" 
0 
0 

cd 


Ft m m  
0 

r Y 



2 0,OG 

1 6 , O O  

12 ,OO( 

8 ,O@C 

L 

al 

D


5 
z 


4,000 


I I I I I I I I
0 JAN FEE MAR APR MAY JUN JUL AUG SEP OCT NOV D E C 
I I I I 


I 9 7 9  

SAN DIEGO GAS Fr ELECTRIC COMPANY 

1 Monthly t o t a l  nekton abundance I 

Plti:I’;\f~l:D BY : FICUItE KO. 
1\001)15Af~I)-CLYDE COSSlJI.TtIXTS 6.5-17 



70 


60 


50 


40 


30 


2 0  


10 

0 


A 

I 1 I I ! I I I I I I 

J A N  F E B  M A R  A P R  M A Y  JUN JUL AUG SEP O C T  NOV d E C  

1979 

~ ~ ~~ 

SAN 1)II:GO GAS & ELECTRIC COMPANY 

Monthly total number of fish specie-
captured i n  nekton collections 

l ’ i t ~ l ’ . . ~ l ~ l ~ l ~BY : 

6-300 




c 

1 

0,
3 
0 2 
0 -8 
c D,
u)
< 	 .- E 
IC 0 

IC+ 
0 0 

L L 
0) (u 
n n 
E E 
3 a z z 

t r o o w v o  I 
6-301 




0 


7.0  

FISH REMOVAL BY INTAKE SCREENS 

(IMPINGEMENT STUDIES) 

7 . 1  ABSTRACT AND SUMMARY 

A 336 consecutive day study was conducted to describe and 

evaluate impingement of marine fishes, large invertebrates,and 

marine plants at the traveling screens and bar rack system of 

the Encina Power Plant cooling water intake. Detailed quantita

tive sampling and analysis to obtain biological and physical 

data were conducted twice daily during this period. The primary 

method of biological sampling was to obtain quantitative 12-hour 

accumulation samples during each day and night period, using 

nets placed in the trash collector baskets of all (three) travel

ing screen systems. 

Results of the study included the following: 


0 	 Seventy-six species of fishes, 45 species of large 

invertebrates and seven species of marine grasses 

and algae were impinged. 

0 	 Marine plants were the largest component of material 

in the samples. 

0 	 The total amount of animal material impinged at the 

traveling screens during the 336 consecutive day 

period was 85,943 individuals weighing 1548 kg 

(3414 lb). 

7 - 1  




0 	 79.662 of the  t o t a l  i nd iv idua l s  were f i s h e s  

weighing a t o t a l  of 1395 kg (3076 l b ) .  

0 	 During thermal t reatments  (seven f o r  t h e  year )  

108,102 f i s h  weighing 2422 kg (5341 l b )  were 

removed. 

Levels of impingement were lower a t t h e  Encina Power P l a n t  

compared t o  those repor ted  f o r  o t h e r  c o a s t a l  genera t ing  s t a t i o n s  

i n  southern C a l i f o r n i a .  Numbers impinged a t  Encina and o t h e r  

p l a n t s  during a one year per iod ,  including.therma1 t r ea tmen t s ,  w e r e :  

0 	 187,764 f i s h  weighing 3817 kg ( 8 4 1 7 1 b ) a t  Encina 

Power P lan t  Units 1-5 withamaximum flow rate of 

828 MGD. 

260,917 f i s h  weighing 19 ,553kg(43 ,063  1b) a t  Redondo 

Beach Generating S t a t i o n  Units  7 a n d 8  wi th  a m a x i - a 
mum flow r a t e  of approximately 673MGD(7-1). 

0 365,641 f i s h  weighing 16,974 kg (37,423 l b )  a t  San 

OnofreNuclearGeneratingStation Unit 1 wi th  a m a x i 

mum flow rate  of approximately 500 MGD (7-2) .  

The six h ighes t  ranking f i s h  spec ie s  by numbers impinged 

(83 percent  of a l l  f i s h e s )  are a c t i v e ,  open water forms t h a t  

occur i n  schools .  I n  decreasing o rde r  of abundance, they are 

t h e  queenf i sh ,  deepbody anchovy, topsmelt ,  C a l i f o r n i a  grunion,  

no r the rn  anchovy, and s h i n e r  su r fpe rch .  

Impingement of many f i s h  s p e c i e s  w a s  r e l a t i v e l y  c o n s i s t e n t  

throughout t h e  y e a r .  Levels of impingement, however, showed 

cons iderable  s h o r t - and long-term v a r i a t i o n .  There w e r e  no s i g 

, ’  
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e 
 nificant correlations between water temperature, salinity, 

cloud cover and ocean wave height and levels of impingement 

when these parameters were analyzed alone. It appears that 

impingement is influenced by a combination of factors. Primary 

causal factors involved appear to be high wind speeds, strong 

wave action and turbulence, rainfall and lowered salinity, and 

increased turbidity. For example, four of five storm periods 

(characterized by wind speeds -> 12 mph, rainfall, salinity -< 

29.9ppt,and waveheights >4 ft) had evident effects, the levels 

of impingement being significantly higher after onset of the 

storm than before it. Dredging operations throughout outer 

Agua Hedionda Lagoon also caused significantly higher impinge

ment. a 
 There was clear evidence that levels of impingement for 


fishes were significantly higher during darkness than during 


daylight. 
 There also were significant correlations between 


levels of impingement and the flow rates of cooling water in 


the conveyance channels, impingement increasing fairly directly 


with increasing flow rates, assuming equal numbers of fish were 


present during the various flows. The peak impingement occurred 


in early spring during dredging operations. 
 There were also 

seasonal peaks in summer and fall. 


In general, there was little decomposition or physical 


damage for most fishes impinged, and a majority of these entered 


the screen well collector baskets alive. There appeared to be 


direct relationships between the degree of damage and both the 
e 
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fragility and size of fishes impinged. Delicate forms (e.g., 


anchovy species) experienced greatest damage during impinge


ment. 


Sex ratios of many critical species in the samples indi

cated that larger proportions of females than males were 

impinged during the 336 day period. In one case (the speckle-

fin midshipmen) all of the females were in an advanced repro

ductive state. For most species considered, adult females in 

all stages of reproductive development occurred in the impinge

ment samples. 


Eelgrass and the giant kelp were the dominant marine plant 

species impinged at both the bar rack and traveling screen sys

tems. Large rays and sharks were a small component of the bar 

rack samples. In general, highest levels of impingement for 

plants at the bar rack system occutred during and following 

storms. However, impingement of plants at the traveling 

screens generally was greater during the summer and fall. 

. Seven thermal treatments were sampled during the year. 

Seventy-three fish species and 34 invertebrates were collected 

at traveling screens during thermal treatments. Fourteen ' 

species were collected that were not taken during daily impinge

ment samples. Over 90 percent of fish collected consisted of 

nine major species (deepbody anchovy, topsmelt, northern 

anchovy, shiner surfperch, California grunion, walleye surf-

perch, queenfish, round stingray, and giant kelpfish). 
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During the.maltreatments for the year, 108,102 fish which 


weighed 2422 kg (5341 lb) were collected in addition to daily 


impingement samples. The greatest collections occurred in 


February and the least in December. Sampling indicates that 


certain larger fish live in the tunnels and are only impinged 


when killed during thermal treatments. The numbers of fish 


resident in the tunnels appears to be greatest in winter and 


lowest in summer. This could be due to fish seeking refuge 


in the lagoon during winter periods. 


The results of this study were evaluated in relation to 

information from other research on behavior of fishes and 

factors affecting impingement. The primary factors involved 

appear to be water temperature, velocity of flow and other 

flow characteristics in the cooling water system, turbulence - 1  
and salinity changes associated with storms, level of illumina

tion, and the water depth and structural characteristics of 

the intake system. 

0 
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7 . 2  HISTORICAL INFORMATION 

Species l i s t s  and ecologica l  information f o r  f i s h e s  known o r  

expected t o  occur i n  Agua Hedionda Lagoon and t h e  inshore  ocean 

area adjacent  t o  t h e  Encina Power P lan t  are given i n  Sec t ions  

6 . 2  and 6 . 3  of t h i s  r e p o r t .  Detai led information about f i s h e s  

taken i n  these  areas during monthly sanpl ing by Woodward-Clyde 

Consultants i s  given i n  Sec t ion  6 . 5 .  Extensive d a t a  concerning 

benth ic  inve r t eb ra t e s  and p l a n t s  i nhab i t ing  Agua Hedionda Lagoon 

have been repor ted  by Miller (1966), Bradshaw and Estberg (1973), 

and Bradshaw e t  a l .  (1976) (7-3,  7-4 and 7-5) .  These sources 

provide use fu l  background information f o r  t h e  impingement s tudy.  

They also provide a good i n d i c a t i o n  of t h e  f i s h ,  i n v e r t e b r a t e ,  

and p l a n t  spec ie s  l i k e l y  t o  be impinged i n  t h e  cool ing  water 

s y s t e m  of t h e  power p l a n t .  

The impingement s tudy descr ibed i n  t h i s  r e p o r t  i s  the  f i r s t  

d e t a i l e d  one conducted a t  t h e  Encina Power P l a n t .  Previously,  

r egu la r  monthly sampling w a s  c a r r i e d  out  a t  t h e  p l a n t  by the  

San Diego Gas & E l e c t r i c  Company (SDG&E) during t h e  f i v e  year 

per iod November, 1972 - February,  1978 t o  record  t h e  impingement 

of f i s h e s  and l a r g e  c rus taceans .  These records provide  use fu l  

h i s t o r i c a l  information a g a i n s t  which t h e  r e s u l t s  of the d e t a i l e d  

study may be  compared. They a l so  w e r e  u s e d  i n  planning the  

methods used i n  t h i s  s tudy .  

Sampling was conducted by personnel of SDG&E a t  representa

t ive t i m e s  on 1 t o  4 days p e r  month. A s  descr ibed i n  Sec t ion  

1 6 . 2 . 3 ,  material  washed froin t h e  t r a v e l i n g  screens  passed 
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@ 	 through concre te  troughs and a spout i n t o  l a r g e  metal t r a s h  

c o l l e c t i n g  baske ts .  Impingement samples f o r  SDG&E monitoring 

study w e r e  obtained by placing a netal screen  c o l l e c t i n g  device 

i n  p lace  of  t h e  spout a t  t h e  end of t h e  t rough.  The c o l l e c t o r  

was l e f t  i n  p lace  for a known length  of t i m e  (normally 8 hours) 

and t h e  conten ts  w e r e  then removed and examined. 

A s tandard  da ta  form w a s  used t o  record  t h e  information. 

These monitoring records are maintained by SDG&E. A sample of 

the da ta  form i s  shown i n  Figure 7.2-1. Estimated number of 

i nd iv idua l s ,  estimated t o t a l  weight,  and estimated s i z e  range 

were recorded by month f o r  each of 21 f a m i l i e s  of f i s h e s  and 

f o r  l o b s t e r s  and shrimp, as ind ica ted  i n  Figure 7 .2-1 .  The 

estimated t o t a l  weight of f i s h  c o l l e c t e d  also was recorded. 

The s i z e  of t h e  sampling device employed by SDG&Ewas much 

smaller  than t h a t  used i n  t h e  d e t a i l e d  s tudy and t h e  methods of 

processing t h e  samples w e r e  d i f f e r e n t .  Despi te  t hese  d i f f e ren 

c e s ,  t h e  r e s u l t s  from both approaches are gene ra l ly  comparable. 
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7 . 3  METHODOLOGY 

Quan t i t a t ive  sampling and ana lys i s  of impinged f i s h e s ,  l a r g e  

i n v e r t e b r a t e s  and marine p l a n t s  was conducted twice d a i l y  a t  t h e  

Encina Power P lan t  during t h e  per iod February 4 ,  1979 through 

January 4 ,  1980. Preliminary sampling a l s o  w a s  conducted during 

t h e  per iod January 19 through February 3, 1979 t o  r e f i n e  t h e  

methods used.  Detailed d e s c r i p t i o n s  f o r  a l l  methods of sampling 

and a n a l y s i s  employed i n  t h e  impingement study a r e  given i n  

Appendix B ,  Sect ion 1 6 . 2 . 3  of t h i s  r e p o r t .  Brief  d e s c r i p t i o n s  I/ 

of t h e s e  methods a r e  provided h e r e .  

A morning sample a t  0700 h r  and an evening sample a t  1900 

h r  were taken from l a r g e  nylon n e t s  suspended i n  t h e  metal  t r a s h  

c o l l e c t o r  baskets  assoc ia ted  w i t h  each of t h e  t h r e e  s e p a r a t e  

t r a v e l i n g  screen  systems of t h e  Power P l a n t .  The l o c a t i o n s  of 

these t h r e e  t r a v e l i n g  screen systems, designed as impingement 

s t a t i o n s  1, 4 ,  and 5 ,  a r e  shown i n  Figure 7 .3 -1 .  S t a t i o n  1 was 

l oca t ed  a t  t h e  t r a v e l i n g  screens  of genera t ing  Units 1-3, s t a t i o n  

4 a t  t h e  screens of generat ing U n i t  4 ,  and s t a t i o n  5 a t  t h e  

screens  of generat ing Unit 5 .  By sampling i n  t h i s  way, 12-hr 

accumulation samples were obtained continuously from each of 

t h r e e  screenwell  l o c a t i o n s .  The samples taken a t  0700 h r  repre

sen ted  impingement t h a t  occurred p r imar i ly  during darkness ,  while  

those taken a t  1900 h r  represented  impingement t h a t  occurred 

dur ing  d a y l i g h t .  

The e n t i r e  contents  of t h e  n e t  c o l l e c t o r  a t  each screenwell  

s t a t i o n  l o c a t i o n  c o n s t i t u t e d  t h e  12-hr accumulation sample. a. 
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0 	 Appropriate methods of subsampling were employed when the  amounts 

of ma te r i a l  and t h e  numbers of ind iv idua ls  of a given animal 

spec ies  w e r e  l a r g e .  These standard subsampling methods a r e  de

scr ibed  i n  Appendix Section 16.2.3. All da ta  w e r e  recorded on 

standard forms, using a computer coding format.  

I n  the  labora tory ,  a l l  f i s h e s ,  l a r g e  i n v e r t e b r a t e s ,  and 

marine p l an t s  w e r e  so r t ed  from t h e  whole sample o r  subsample 

p r i o r  t o  making i d e n t i f i c a t i o n s ,  counts and measurements. These 

organisms were i d e n t i f i e d  t o  species  o r  t o  t h e  lowest poss ib l e  

taxonomic category,  using keys and re ference  c o l l e c t i o n s .  

The aggregate weight of a l l  animal and p l a n t  ma te r i a l  com

bined and t h e  aggregate weight of a l l  marine p l a n t s  w e r e  de t e r 

mined t o  t h e  nea res t  100 g .  The rank order  of abundance of each 

p l an t  spec ies  by estimated volume and t h e  numbers of ind iv idua ls  

of each f i s h  and mot i le  i nve r t eb ra t e  spec ies  w e r e  determined 

and recorded. The t o t a l  body length of i nd iv idua l  f i s h e s  w a s  

determined and recorded t o  t h e  nea res t  1 nun. The w e t  body weight 

of ind iv idua l  f i s h e s  w a s  determined t o  t h e  n e a r e s t  1 g a f t e r  

shaking loose w a t e r  from t h e  body. 

duals combined was determined i n  t h e  same manner. 

To ta l  weight of a l l  i n d i v i -

The q u a l i t a 

t i v e  body condi t ion  of individual  f i s h e s  w a s  determined, usin.g 

s tandard codes f o r  decomposition and phys ica l  damage as described 

i n  Appendix Sec t ion  1 6 . 2 . 3 .  

Once per  month, f i s h e s  taken i n  one o r  more impingement 

samples a t  each s t a t i o n  a lso w e r e  examined t o  determine t h e i r  

sex and reproduct ive condi t ion .  During per iods  when t h e  amountQ 
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of material impinged w a s  small ,  samples from two t o  e i g h t  

consecut ive days w e r e  used t o  determine reproduct ive  c h a r a c t e r i s 

t i c s .  

Ind iv idua ls  from t h e  e n t i r e  sample o r  series of samples 

w e r e  used i n  determining reproduct ive  c h a r a c t e r i s t i c s .  A l l  

i nd iv idua l s  w e r e  examined t o  determine t h e  numbers o f  m a l e s  and 

and females of each spec ies  p r e s e n t .  A l l  females were then ex

amined by v i s u a l  inspec t ion  of t h e  ovary t o  determine reproduc

t i v e  cond i t ion .  The c h a r a c t e r i s t i c s  and da ta  codes used t o  

i n d i c a t e  t h e  sex of each ind iv idua l  and t h e  reproduct ive  condi

t i o n  of females a r e  described i n  Appendix Sec t ion  16.2.3. 

Fishes and marine p l a n t s  t h a t  had accumulated i n  t h e  t r a s h  

c o l l e c t o r  t r a i l e r s  assoc ia ted  wi th  t h e  bar  rack  screening system 

a l s o  w e r e  examined a t  0700 h r  each day. The l o c a t i o n  of t h e  b a r  

rack  system, designated as impingement s t a t i o n  9 ,  i s  shown i n  

Figure 7.3-1. 

The con.tents of t h e  t r a s h  c o l l e c t o r  t ra i le rs  w e r e  examined 

q u a l i t a t i v e l y  by searching through t h e  m a t e r i a l .  The accumulated 

m a t e r i a l  cons is ted  pr imar i ly  of larger marine p l a n t s .  The rank 

order  of abundance of each marine p l a n t  spec ie s  by est imated 

volume w a s  recorded. Large f i s h e s  and o t h e r  v e r t e b r a t e  animals 

were removed f o r  i d e n t i f i c a t i o n  and measurements of l eng th  and 

weight,  using t h e  same methods descr ibed f o r  t h e  t r a v e l i n g  screen  

samples. 
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Per t inen t  physical  and meteorological da ta  were obtained 

from measurements and observat ions made during each sampling 

period o r  from records provided by SDG&E. Detai led desc r ip t ions  

of t hese  d a t a  and t h e  methods used t o  ob ta in  them are given i n  

Appendix B ,  Sect ion 16.2.3. 

Meteorological and o the r  physical  da t a  w e r e  taken near t h e  

bar  rack system four  t i m e s  during each 24-hr per iod.  These 

were wind speed (nea res t  1 mph), weather condi t ions ,  cloud cover,  

wave he igh t ,  a i r  and water temperatures (nea res t  0 . 5  C) , and 

sa l in i ty  (nea res t  0 . 1  p p t ) .  

Data concerning t i d a l  he ight  and s t a g e  a t  t h e  time samples 

w e r e  taken and t h e  h ighes t  and lowest t i d e  levels during the  pre

ceeding 12-hr period w e r e  obtained f r o m  a s i n e  curve t i d e  c h a r t .  

Continuous information concerning t h e  number of c i r c u l a t i n g  

water pumps operat ing f o r  each generat ing u n i t  of t h e  Power P lan t  

and t h e  flow r a t e s  of t h e s e  pumps was obtained from records main

tained by SDG&E a t  t he  Encina Power P l a n t .  To ta l  f low r a t e s  of 

seawater through each of t h e  t h r e e  t r ave l ing  screen  impingement 

s t a t i o n s  a t  a given t i m e  were then determined from the  number of 

c i r c u l a t i n g  pumps i n  opera t ion  and t h e  known flow rates of t hese  

Pumps 
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7 . 4  SPECIES COMPOSITION AND OCCURRENCE OF IMPINGED FISHES AND a 
INVERTEBRATES 

The s c i e n t i f i c  and common names of a l l  f i s h e s  and l a r g e  in 

v e r t e b r a t e  animals taken i n  impingement samples a t  s t a t i o n s  1, 4 ,  

5 ,  and 9 during t h e  per iod February 4 ,  1 9 7 9  - January 4 ,  1980 are 

given i n  Tables 7 . 4 - 1  and 7 . 4 - 2 ,  r e s p e c t i v e l y .  Marine g ra s ses  

and a lgae  taken i n  these  samples a r e  considered s e p a r a t e l y  i n  

Sec t ion  7 . 1 1 .  

A s  shown i n  Table 7 . 4 - 1 ,  t h e  t o t a l  number of f i s h  spec ies  

impinged during t h e  336-day per iod of sampling w a s  7 6 .  A l l  of 

t hese  spec ie s  a r e  known t o  occur e i t h e r  i n  Agua Hedionda Lagoon 

o r  i n  t h e  c o a s t a l  ocean area adjacent  t o  t h e  Encina Power P l a n t ,  

as ind ica t ed  by information considered i n  Sec t ions  6 . 2  and 6 . 5  

of t h i s  r e p o r t .  

Only one s p e c i e s ,  t h e  longf in  sanddab (Ci thar ich thys  xantho

s t igma) ,  w a s  unexpected i n  t h e  impingement samples, because it 

occurs i n  r e l a t i v e l y  deep water ( >  30 m). However, i t  w a s  repre

sented i n  t h e  samples by only f i v e  i n d i v i d u a l s .  Somewhat unex

pected was t h e  occurrence of t h e  C a l i f o r n i a  f l y i n g  f i s h  (Cypsel

urus  c a l i f o r n i c u s ) ,  of which 31 ind iv idua l s  were taken during t h e  

336-day sampling per iod .  This pe l ag ic  spec ie s  normally occurs 

i n  c o a s t a l  ocean a r e a s ,  but  i t s  presence i n  t h e  impingement sam

p les  i n d i c a t e s  c l e a r l y  t h a t  it sometimes e n t e r s  Agua Hedionda 

Lagoon. 

A s  i n d i c a t e d  i n  Table 7 . 4 - 2 ,  t h e  t o t a l  number of l a r g e  in 

v e r t e b r a t e  s p e c i e s  taken i n  t h e  impingement samples w a s  4 5 .  Most * 
7 - 1 2  




TABLE 7.4-1  

SPECIES OF FISHES TAKEN I N  IMPINGEMENT SAMPLES AT THE E N C I N A  


POWER PLANT DURING THE PERIOD JANUARY 1979 - JANUARY 1980 


S c i e n t i f i c  N a m e  

A 2  ZocZinus hoZderi 
W h i s t i c h u s  aqenteus 
Anchoa compressa 
Anchoa dalicatissima 
Anisotremus davidsonii 
A thsrinops nfjYizis 
Atherimpsis CCLI<fornien:;<.s 
.rjrat?hij is t ius j’renatus  
Cizromis punct i.piiini.s 

Citharichtlys s t i p c m  
C i  tharichthis xanthos ti_ma 
Clupen hareqius 

i.~fmntogasteraggregata 
Cpmatogaster g m c i  l i s  
Cynoscion nobizis 
Cjjpseluriis ca Zifornicus 
Dwna Zichthjps vncca 
Decapterus hypodus 
Dorosorna petenense 
Emhiotoca jacksoni 
f i h~rnu2is mor&x 
F’rmi’u Zus p t r r n ) ~ ~)innis 
i;t.nwnennt.q I intw tas 

i;dllhons.itr m c t z  i 
Giri?2I.u ni!~mkms 
i2pmthorux rnmdax 
Gymnura mamomtu 
ilermosiZZa azurea 
Hcterodontus fpancisci 

Common N a m e  

I s l and  kelpf  i s h  

Barred sur fperch  

Deepbody anchovy 

Slough anchovy 

Sargo 

Topsmelt 

Jacksmelt  

Ke lp  sur f  perch 

Blacksmith 

Speckled sanddab 

Longf i n  sanddab 

P a c i f i c  he r r ing  

Shiner  sur fperch  

I s l and  sur fperch  

White seabass  

Ca l i fo rn ia  f l y i n g  f i s h  

P i l e  sur fperch  

Mexican scad 

Threadfin shad 

Black sur fperch  

Northern anchovy 

Ca l i fo rn ia  k i l l i f i s h  -
White croaker  

S t r iped  k e l p f i s h  

Opaleye 

Moray eel 

Cal i fo rn ia  b u t t e r f l y  r ay  

Ze.hra perch 

Horn shark 
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TABLE 7.4-1  (Continued) 

Sc ien t  i f  i c  Name  

Hcterostichus rostmtus 

flyperprosopon argan teum 


HypsobZennius ( r i  Zherti 

Hgpsoblcnnius jenkinsi  

Iiypsopsettu guttu2ata 

Hgpsypops rubicundus 


Leptocot tus  nma tus 

Leuresthes tenuis 

bledialurur ea Ziforniensis 

Menticirrhus unduZatus 

Micrometrus minims 

h g i 2  cephalus 

MusteZus californicus 

tdyliobatis ea Ziforniea 


OZigocottus rubeZlio 

whichthus zophochir 


Para Zabrax clathratus 

ParaZabrax macu Zatotasciatus 

Para Zahrax nebu l i f e r  


Para Zichthy s c?n2ifornicus 

F q r i  Zus s h i  2. Zimus 


Phinerodon f u r m t u s  


Plctijrhinoidis tr iseriata 

Pleuroitichthys r i t t e r i  


Poricht hg s notutus 

Porich t h ys mjr iast e r  

Rhacochi 2us toxotes 

Rhinobatos  productus 


Roncndo?a s t;scir@?zsii 


Common N a m e  

Giant kelpf  i s h  


Walleye su r fpe rch  


Rockpoo 1 blenny 


Mussel blenny 


Diamond t u r b o t  


Gar i b a l d i  


Staghorn s c u l p i n  


C a l i f o r n i a  grunion 


Halfmoon 


C a l i f o r n i a  corb ina  


Dwarf su r fpe rch  


St r iped  mul l e t  


Gray smoothhound 


B a t  r ay  


Rosy s c u l p i n  


Yellow 'snake eel 


Kelp bass  


Spotted sand b a s s  


Barred sand b a s s  


C a l i f o r n i a  h a l i b u t  


P a c i f i c  b u t t e r f i s h  


White s u r f p e r c h  


Thornback r a y  


Spotted t u r b o t  


Pla in f  i n  midshipman 


Specklef i n  midshipman 


Rubberlip s u r f  perch 


Shovelnose g u i t a r f i s h  


Spotf i n  c roaker  
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TABLE 7.4-1  (Concluded) 

Common N a m e  

P a c i f i c  boni to  


Monterey Spanish mackerel 


Sculpin/spot ted sco rp ion f i sh  


Queenf i s h  


Cal i fo rn ia  barracuda 


Pacific angel shark 


Cal i fo rn ia  need le f i sh  


Cal i fo rn ia  tonguef i s h  


Kelp p i p e f i s h  


Bay p i p e f i s h  


P a c i f i c  electric r a y  


Jack mackerel 


Leopard shark  


Yellowfin croaker  


Round s t ing ray  


Salema 

F a n t a i l  s o l e  
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TABLE 7.4-2  
SPECIES OF LARGE MARINE INVERTEBRATE ANIMALS TAKEN 

I N  IMPINGEMENT SAMPLES AT THE ENCINA POWER PUNT 
DURING THE PERIOD JANUARY 1979 - JANUARY 1980 

S c i e n t i f i c  N a m e  

ileoZidin papZZ l o x [  

Aequipecten uequisu Zcatus 
Ag Zaophenia sp  . 
A Zpheus dentipes 
Anthopleura elegantissima 
A p Z y s i a  caZifornica 
Ba Zanus t in t inmbu Z w n  

CaZZianassa caZiforniensis 
Cancer antcnmrius 
Cancer nnthonjyi 
Cancer jordani 
Cancer produc tus 
ChZamys hastntus 
Cmngon nigromaculatcz 
DiuuZuZn sandiegcnesis 
Hsmigrapsus nudus 
l�crmisscnda crassicornis 
Binni tes  mu  Z tirugosus 
Lo Zigo opnlestPCns 
Love?rit-rc m J if orrriis 

Loxorhlyrichus crispa tus 
Liisrnata californica 
Lv tech-inus pictus  
E f q a t h w ~ ~crmuZ ata 
):loIpudiir arenico la 
I\titiZus sd142is 
i.7:minr iuermis 
iktopus bimacu Zntus 

Common N a m e  

Nudibranch 

Speckled s c a l l o p  

Hydro i d  

P i s t o l  shrimp 

Aggregate sea anemone 

C a l i f o r n i a  sea h a r e  

Red and whi te  b a r n a c l e  

Ghost shrimp 

Common rock c rab  

Anthony's rock  c r a b  

Jordan ' s  rock  c rab  

Red rock c rab  

P a c i f i c  spear  s c a l l o p  

Black spo t t ed  shrimp 

San Diego sea s l u g  

Purp le  shore  c rab  

Nudibranch 

Rock s c a l l o p  

Squid 

Sea porcupine 

Masking c rab  

S t r i p e d  shrimp 

Pain ted  u rch in  


Giant keyhole l impet  


Sweet po ta to  cucumber 


Bay mussel 


S t r i p e d  sea s l u g  


Two-spotted octopus 
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TABLE 7 . 4 - 2  

Scientif i c  N a m e  

Octopus birnacu Zoides 


Pachijgrapsus c r a s s i p s  


Punu Zirus interruptus 

?e lag?:o panqym 


Fe Z i ; 7  timi.& 


Penaeus ciz Z ff:;.’rwkn.sis 


I’entido tea r m c a  t a  


P i  lmnuo spinoh7:rsui;us 


Pisastei? oehrnceus 


Podochela h e q h i l  Zi 


Po 2Zicipes po Zymerus 

Po Zyoivhis pcnici 2latus 

Portunus xantusi 

Pugettia productu 

Fpomaia tubereu Liz t a  


Strongylocentrotus purpuratus 

Taliepus nuttaZli 


(Concluded) 

Common Name 

Mud f l a t  octopus 


St r iped  shore  c rab  


C a l i f o r n i a  spiny l o b s t e r  


Purple-s t r iped  j e l l y f i s h  


Dwarf crab 


Cal i fo rn ia  brown shrimp 


K e l p  isopod 


Hairy crab 


Ochre s t a r f i s h  


Spider  crab 


P a c i f i c  goose barnac le  


Hydromedusa 


Swimning c rab  


Kelp crab  


Spider  crab 


Purp le  sea urch in  


Southern ke lp  c rab  
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smaller  Forms, p a r t i c u l a r l y  those l i v i n g  a t tached  t o  impinged 

marine p l a n t s ,  were not  i d e n t i f i e d  o r  considered i n  processing 

t h e  samples because of t i m e  l i m i t a t i o n s .  All of t h e  spec ie s  

l i s t e d  i n  Table 7.4-2 a r e  r e l a t i v e l y  common i n  t h e  a r e a  nea r  t h e  

Power P l a n t  and might be expected t o  be c a r r i e d  i n t o  t h e  cool ing 

w a t e r  system. 

Most a r e  benth ic  spec ies  t h a t  i nhab i t  unconsolidated sed i 

ment o r  rocky h a b i t a t s  e i t h e r  i n  Agua Hedionda Lagoon o r  i n  t h e  

ad jacent  nearshore ocean a r e a .  Only two l a r g e  p e l a g i c  inve r t e 

b r a t e  spec ies  occurred i n  t h e  samples. They are t h e  squid  

(Loligo opalescens) and t h e  pu rp le - s t r iped  j e l l y f i s h  (Pe lag ia  

panopyra),  both common forms i n  c o a s t a l  a r eas  of southern Cali

f o rn i a  . 

The numerical ranking of each animal spec ies  taken i n  Sam

p l e s  a t  t r a v e l i n g  screen  s t a t i o n s  1, 4 ,  and 5 i s  given in  Table 

7.4-3.  Total  numbers of i nd iv idua l s  of each spec ies  and a l l  

spec ies  combined taken during t h e  336-day sampling per iod  a l s o  

a r e  shown f o r  each t r a v e l i n g  screen  s t a t i o n ,  and f o r  t h e  t h r e e  

s t a t i o n s  combined. 

A s  ind ica ted  i n  Table 7 .4-3,  85,957. animals were taken  i n  

t h e  impingement samples  a t  s t a t i o n s  1 , . 4 ,  and 5 during t h e  336

day per iod ,  of which 79,662 (92.7 percent )  were f i s h e s  and only 

6,281 (7 .3  percent)  were i n v e r t e b r a t e s .  The l a r g e s t  t o t a l  number 

of f i s h e s  w a s  impinged a t  s t a t i o n  4 (39,509; 49.6 percent  of 

t o t a l ) ,  t h e  next  l a r g e s t  a t  s t a t i o n  5 (25,037; 31.4 p e r c e n t ) ,  and 

t h e  smal les t  number a t  s t a t i o n  1 (15,116; 1 9 . 0  percent). .  Akong 
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i n v e r t e b r a t e s ,  t he  l a r g e s t  t o t a l  number w a s  impinged a t  s t a t i o n  

1 ( 3 , 1 0 4 ;  4 9 . 4  percen t ) ,  t h e  next largest  a t  s t a t i o n  5 ( 2 , 0 4 8 ;  

3 2 . 6  p e r c e n t ) ,  and t h e  smallest number a t  s t a t i o n  4 ( 1 , 1 2 9 ;  18 .0  

p e r c e n t ) .  

Based on t h e  numerical rankings and numbers of i nd iv idua l s  

shown i n  Table 7 . 4 - 3 ,  and on cons ide ra t ions  descr ibed i n  Sec t ion  

6 . 3 ,  22 spec ie s  of f i s h e s  were t r e a t e d  a s  c r i t i c a l  spec ies  f o r  

t h e  impingement s tudy.  These inc lude  a l l  of t h e  15 forms desig

nated as c r i t i c a l  spec ies  i n  Sec t ion  6 . 3  (Table 6 . 3 - 1 ) .  They 

a r e ,  i n  decreasing order  of abundance i n  t h e  samples: 

Common Name 


Queenf i s h  


Topsmelt 


Northern anchovy 


Walleye surfperch 


C a l i f o r n i a  h a l i b u t  


Giant k e l p f i s h  


Barred sand bass 


C a l. i fo r n i a  corbina 


Barred surfperch 


Spotted sand bass 


S t r i p e d  mul le t  


Kelp bass  


White sea  bass  


Species Name 

Seriphus p o l i t u s  

Atherinops a f f i n i s  

Engraul is  mordax 

Hyperprosopon &rgen t  eum 

Para l i ch thys  c a l i f o r n i c u s  

Heteros t ichus  r o s t r a t u s  

Paralabrax nebul i f  er 

Menticirrhus undulatus 

Amphisticus argenteus 

Para labrax  macula tofasc ia tus  

Mugil cephalus 

Para labrax  c l a t h r a t u s  

Cynosc ion  n o b i l i s  
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Cal i forn ia  sheephead Pimelometopon pulchrum 

P a c i f i c  sanddab Cithar ichthys sordidus 

Hornyhead turbot  Pleuronichthys v e r t i c a l  i s  

Seven o ther  f i s h  spec ies  represented i n  t h e  impingement 

samples by a t o t a l  of more than 500 ind iv idua ls  during t h e  336

day sampling period (Table 7 . 4 - 3 )  were t r e a t e d  as a d d i t i o n a l  

c r i t i c a l  spec ies  f o r  purposes of t he  impingement s tudy.  They 

a r e ,  i n  decreasing order  of abundance: 

Common Name 

Deepbody anchovy 

Cal i forn ia  grunion 

Shiner surfperch 

Slough anchovy 

White surfperch 

Round s t i n g r a y  

Salema 

Species Name 

Anchoa compres sa?\ 

. 	 Leuresthes t.enuis* 

Cymatogaster aggregata* 

Anchoa del icat iss ima" 

Phanerodon furca  t u s  

Urolophus halleri 'k 

Xenis t ius  c a l i f o r n i e n s i s  

Five of these  seven, ind ica ted  by a s t e r i s k s ,  a l s o  w e r e  t r e a t e d  

as c r i t i c a l  spec ies  f o r  t h e  nekton s t u d i e s ,  as described i n  

Sec t ion  6 . 3  of this  r e p o r t .  

Data f o r  these  22 c r i t i c a l l y  t r e a t e d  spec ies  of f i s h e s  have 

been considered i n  g r e a t e r  d e t a i l  than those f o r  t h e  remaining 

57 spec ie s .  I n  some cases ,  however, as described i n  the  follow

ing subsect ions concerning impingement , t h e r e  w e r e  i n s u f f i c i e n t  

data t o  a l l o w  d e t a i l e d  t rea tment .  
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Shown i n  Table 7.4-4 a r e  t h e  numerical  rankings and per 

centages of occurrence f o r  each of t h e s e  22 c r i t i c a l  s p e c i e s .  

The values  shown s e p a r a t e l y  f o r  each impingement s t a t i o n  and for 

a l l  s t a t i o n s  combined a r e  based on t h e  t o t a l  number of i nd iv id 

u a l s  of each spec ie s  taken during t h e  336-day sampling per iod  

(Table 7 .4 -3 ) ,  expressed as percentages of t h e  t o t a l  number of 

a l l  f i s h e s  taken i n  t h a t  set of samples. 

The da ta  shown i n  Tables 7.4-3 and 7.4-4 i n d i c a t e  t h a t  t he  

queenfish (Seriphus p o l i t u s )  had by f a r  t h e  h i g h e s t  level of 

impingement a t  t h e  t r a v e l i n g  screen s t a t i o n s  (18,681 ind iv idua l s  ; 

23.4 percent  of a l l  f i s h e s ) .  The deepbody anchovy (Anchoa com

pressa)  experienced t h e  second h ighes t  level of impingement 

(13 ,299 ind iv idua l s  ; 16.7 percent)  , t h e  topsmelt  (Atherinops 

a f f i n i s )  t he  t h i r d  h i g h e s t  l e v e l ,  and t h e  C a l i f o r n i a  grunion 

(Leuresthes t enu i s )  t h e  f o u r t h  h ighes t  level (8,583 ind iv idua l s ;  

1 0 . 8  pe rcen t ) .  Two spec ie s ,  t h e  nor thern  anchovy (Engraul is  

mordax) and t h e  s h i n e r  surfperch (Cymatogaster aggregata) experi

enced t h e  next  h i g h e s t  l e v e l s  of impingement t h a t  w e r e  e s s e n t i a l 

l y  the  same ( 9 . 3  and 9 . 2  pe rcen t ,  r e s p e c t i v e l y ) .  

All s i x  of t h e s e  h ighes t  ranking species are very abundant 

i n  the  a r e a  nea r  t h e  Encina Power P l a n t ,  as descr ibed in  Sect ions 

6 . 2  and 6 . 5  of t h i s  r e p o r t .  Because of t h i s ,  their  r e l a t i v e l y  

high l e v e l s  of impingement a r e  n o t  s u r p r i s i n g .  Examination of 

impingement monitoring records obtained by SDG&E during t h e  

per iod 1972-1978 (see Sec t ion  7.3)  ind ica ted  t h a t ,  in  gene ra l ,  
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t hese  same groups of f i s h e s  a l s o  had t h e  h ighes t  levels of 

impingement during t h e  previous s ix-year  per iod .  

The s i x  spec ies  ranking next h ighes t  i n  impingement had 

considerably lower,  s i m i l a r  l e v e l s  ranging from 1 , 5 7 7  i nd iv idua l s  

( 2 . 4  percent  of a l l  f i s h e s )  f o r  t h e  walleye sur fperch  (Hyperpro

sopon argenteum) t o  1 , 0 4 6  i nd iv idua l s  ( 1 . 3  percent)  for t he  g i a n t  

k e l p f i s h  (Heterostichus r o s t r a t u s ) .  All of t h e  remaining spec ies  

had levels of impingement t h a t  represented less than  1 . 0  percent  

of t h e  t o t a l  number of a l l  f i s h e s  impinged during t h e  336-day 

sampling per iod .  

Among t h e  1 2  spec ies  e x h i b i t i n g  levels of impingement grea

t e r  than 1 . 0  pe rcen t ,  only t h r e e  are bottom f i s h e s  (Tables 7 . 4 - 3  

and 7 . 4 - 4 ) .  They are t h e  round s t i n g r a y  (Urolophus h a l l e r i ) ,  

t he  Ca l i fo rn ia  h a l i b u t  (Pa ra l i ch thys  c a l i f o r n i c u s ) ,  and t h e  giant 

k e l p f i s h  (Heterost ichus r o s t r a t u s )  . The o the r  n i n e  spec ie s  are 

a l l  r e l a t i v e l y  a c t i v e ,  open w a t e r  forms. They are a l s o  t h e  n i n e  

h ighes t  ranking spec ies  i n  terms of levels of impingement (Table 

7 . 4 - 3 ) .  

Seven of the  c r i t i c a l  spec ie s  had l e v e l s  of impingement less 

than 0 . 2  percent (2  189 i n d i v i d u a l s ) ,  as shown i n  Tables  7 . 4 - 3  

and 7 . 4 - 4 .  These spec ie s  are:  

Common Name 


Barred sand bass  


Cal i fo rn ia  corbina 


Barred sur fperch  


Spotted sand bass  


Species Name 

Paralabrax nebul i f  er 

Menticir rhus undulatus-
Amphistichus argenteus 

Paralabrax macula tofasc ia tus  
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St r iped  mullet  Mugil cephalus 


Kelp bass Paralabrax c l a t h r a t u s  


White sea bass Cynoscion n o b i l i s  


No ind iv idua l s  of t he  t h r e e  remaining c r i t i c a l  species  were taken 

i n  any of t h e  impingement samples during t h e  336-day per iod of 

t h e  s tudy (Table 7 .4 -4 ) .  These spec ie s  a r e :  

Common Name Species Name 


Cal i fo rn ia  sheephead Pimelometopon pulchrum 


P a c i f i c  sanddab Ci thar ich thys  sordidus 


Hornyhead turbot  Pleuronichthys v e r t i c a l i s  


Their absence from t h e  impingement samples i s  not s u r p r i s i n g ,  

because they a r e  un l ike ly  t o  o c c u r . i n  t h e  immediate v i c i n i t y  of 

0 t he  Power P l a n t .  P a c i f i c  sanddab normally occurs a t  depths 

g r e a t e r  than 30 m i n  the  ocean. Because they were absent  from 

all impingement samples , t hese  t h r e e  spec ies  were not considered 

i n  t h e  following subsect ions concerning impingement. 

As shown in  Table 7.4-4 ,  t h e r e  w a s  some v a r i a t i o n  i n  t h e  

percentage of ind iv idua ls  of a given spec ies  impinged by t h e  

t h r e e  d i f f e r e n t  t r a v e l i n g  screen  sys t ems  ( s t a t i o n s  1, 4 ,  and 5 ) .  

However, i n  gene ra l ,  t h e  l e v e l s  were f a i r l y  cons i s t en t  between 

the t h r e e  s t a t i o n s .  There appears t o  be no p a t t e r n  t o  t h e s e  

v a r i a t i o n s  shown i n  Table 7.4-4 and they a r e  presumed t o  be t h e  

r e s u l t  of random processes .  

A s  i nd ica t ed  i n  Table 7 . 4 - 3 ,  f o u r  l a r g e  i n v e r t e b r a t e  spec ies  

ranked r e l a t i v e l y  high i n  l e v e l s  of impingement, with more than e 
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500 indiv idua ls  of each occurr ing  i n  a l l  samples during t h e  336

day period of t h e  s tudy .  Anthony's rock crab  (Cancer anthonyi) 

had by f a r  t he  h ighes t  level of impingement (1 ,877  i n d i v i d u a l s ,  

40.4 percent  of a l l  l a r g e  i n v e r t e b r a t e s  impinged). However, i n  

r e l a t i o n  t o  a l l  i n v e r t e b r a t e  and f i s h  spec ie s  taken i n  t h e  im

pingement samples, Anthony's rock crab  ranked seventh a t  2 . 2  

percent .  Most of t h e  ind iv idua l s  impinged w e r e  j u v e n i l e s  o r  

s m a l l  a d u l t s .  Anthony's rock crab i s  of very s l i g h t  commercial 

importance i n  t h e  San Diego a r e a .  Two smaller c r a b s ,  Portunus 

x a n t u s i  and Pachygrapsus c r a s s i p e s ,  had approximately equal  

levels of impingement (14 .1  and 13 .8  pe rcen t ,  r e s p e c t i v e l y )  . 
These .two spec ie s ,  which have no commercial o r  s p o r t f i s h i n g  

va lue ,  a r e  very common i n  Agua Hedionda Lagoon. A f o u r t h  spe

c i e s ,  t he  squid Loligo opalescens,  represented  9 .3  percent  of 

t h e  inve r t eb ra t e s  impinged, b u t  only 0 . 5  percent  of a l l  inverte

b r a t e s  and f i s h e s  combined (numerical  rank 1 7 ) .  This  spec ie s  

supports  a commercial f i s h e r y  elsewhere i n  C a l i f o r n i a .  

'Th ree  o t h e r  i n v e r t e b r a t e  species of va lue  t o  m a n  as food 

ranked much lower i n  t h e i r  levels of impingement (Table 7 .4-3) .  

The Ca l i fo rn ia  brown shrimp (Penaeus c a l i f o r n i e n s i s )  ranked 

twenty-s ixth,  r ep resen t ing  only  3 .2  percent  of a l l  l a r g e  inver

t e b r a t e s  impinged. The comon rock crab (Cancer an tennar ius)  

ranked fo r ty -e igh th ,  r ep resen t ing  only 0 . 6  percent  of a l l  l a r g e  

i n v e r t e b r a t e s .  The  C a l i f o r n i a  spiny l o b s t e r  (Panul i rus  i n t e r 

ruptus)  ranked seventy-s ix th ,  with only two ind iv idua l s  (0.03 

percent)  impinged during t h e  336-day per iod of t h e  s tudy .  
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In  genera l ,  these  r e s u l t s  suggest t h a t  inver tebra tes  formed 

a very s m a l l  p a r t  of t h e  animal mater ia l  impinged a t  t h e  Encins 

Power Plant. Because of t h i s ,  they w e r e  no t  included i n  the  more 

de t a i l ed  evaluat ion described i n  the  following subsections con

cerning impingement. 

The numerical ranking, t o t a l  number, and s i z e  da ta  f o r  each 

f i s h  spec ies  taken a t  t h e  ba r  rack screening system ( s t a t i o n  9) 

during t h e  period February 4 ,  1979 - January 4 ,  1980 are shown i n  

Table 7 . 4 - 5 .  No l a r g e  inver tebra tes  w e r e  observed i n  these 

samples. 

Only 22 individuals  of 6 fish species w e r e  observed in  the  

bar rack samples (Table 7.4-5). O f  these ,  t h e  Pac i f i c  e l e c t r i c  

ray  (Torpedo ca l i fo rn ica )  w a s  the  only common form ( 1 6  individu

0 a l s ;  7 2 . 7  percent of t h e  t o t a l ) .  The next most common species 

observed w a s  t he  b a t  ray (Myliobatis- c a l i f o r n i c a ) ,  of which two 

individuals  w e r e  observed ( 9 . 1  percent ) .  With the  exception of 

cne l a r g e  spo t f in  croaker (Roncador s t e a r n s i ) ,  a l l  of t he  species  

observed were rays  or sharks (elasmobranch f i s h e s ) .  

All ind iv idua ls  were q u i t e  l a r g e ,  with a s i z e  range of 380

1200 mm i n  t o t a l  length and individual  body weights up t o  34 .7  

kg. Because of t h e  wide spacing of t h e  v e r t i c a l  bars  i n  the  bar  

rack screening system, impingement of f i s h e s  w a s ,  as expected, 

l imi ted  t o  very f e w  individuals  of l a rge  s i z e .  

Shown i n  Table 7 . 4 - 6  i s  the  ranking by weight of each f i s h  

and inve r t eb ra t e  spec ies  taken in  samples a t  t r ave l ing  screen 

s t a t i o n s  1, 4 ,  and 5 .  Total  weights (g) f o r  a l l  individualsa 
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of each spec ies  taken during t h e  336-day sampling period a r e  

shown f o r  each t r a v e l i n g  screen s t a t i o n  and f o r  t h e  t h r e e  s ta

t i o n s  combined. Also shown are t o t a l  weights ,  rounded t o  t h e  

nearest 0 . 1  kg, f o r  a l l  f i s h  spec ie s ,  a l l  i n v e r t e b r a t e  spec ies ,  

and a l l  animal ma te r i a l  combined. 

A s  ind ica ted  i n  Table 7 . 4 - 6 ,  many of t hese  rankings by 

weight d i f f e r e d  considerably from those based on numbers of 

ind iv idua ls  impinged (Tables 7 . 4 - 3  and 7 . 4 - 4 ) .  The round s t ing 

ray  (Urolophus h a l l e r i )  and t h e  P a c i f i c  e l e c t r i c  r ay  (Torpedo 

c a l i f o r n i c a )  ranked f i r s t  and second based on t o t a l  weights of 

animal ma te r i a l  impinged. The t o t a l  weight of round s t ing ray  

impinged was 185.9 kg ( 4 1 0  lb)  o r  13.3 percent  of a l l  f i s h e s  by 

weight. The  t o t a l  weight of P a c i f i c  e l e c t r i c  r a y  impinged w a s  

125.9 kg ( 2 2 7 . 6  Ib)  o r  9 . 0  percent  of a l l  f i s h e s  by weight. In 

c o n t r a s t ,  they ranked only eleventh and f i f t y - e i g h t h ,  respec

t i v e l y ,  based on numbers impinged. These and other l a r g e ,  heavy-

,bodied rays w e r e  prominent i n  t h e  higher rankings based on 

weight,  with t h e  Cal i forn ia  b u t t e r f l y  ray (Myliobatis c a l i f o r 

nica)  among t h e  f i r s t  t en .  

The topsmelt (Atherinops a f f  in is)  ranked t h i r d  both i n  

number and weight of ind iv idua ls  impinged (Tables 7 . 4 - 3  and 

7 . 4 - 6 ) .  Its t o t a l  weight of 1 1 2 . 3  kg (247.6 l b )  represented 8.0 

percent  of a l l  f i s h e s  by weight.  The queenfish (Seriphus po l i 

-t u s ) ,  which ranked f i r s t  i n  numbers of i nd iv idua l s  impinged, a l s o  

has a high rank of fou r th  i n  terms of weight.  I ts  t o t a l  weight 

* o f  91.3 kg (201.3 l b )  represented 6.5 percent  of a l l  f i s h e s  by 
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0 	 weight.  Among the  other species  ranked within the f i r s t  ten on, 

t h e  bas i s  of numbers impinged, only t h e  deepbody anchovy (Anchoa 

compressa) a l s o  was ranked wi th in  that range on the  bas i s  of 

weight.  It w a s  ranked second by number impinged and seventh by 

weight.  However, several  of the  o the r  species ranked wi th in  t h e  

f i rs t  t e n  by number impinged (Table 7.4-3) did f a l l  within the  

f i r s t  20 ranks by weight (Table 7 . 4 - 6 ) .  They a r e  the  shiner  

surfperch (Cymatogaster aggregata) ranked eleventh by weight,  

t h e  walleye surfperch (Hyperprosopon argenteum) ranked twel f th  

by weight,  and the  Cal i fornia  grunion (Leuresthes tenuis )  ranked 

seventeenth by weight. 

The specklef in  midshipman (Porichthys myriaster)  a l s o  w a s  a 

major component by weight (rank 5 ) .  Y e t  t h i s  species  w a s  ranked 

@ only twenty- f i r s t  on the  b a s i s  of numbers impinged. Two l a r g e  

inve r t eb ra t e  species  ranked r e l a t i v e l y  h igh . in  terms of weight.  

* They a r e  t h e  two-spotted octopus (Octopus bimaculatus) ranked-
f i f t e e n t h ,  and Anthony's rock crab (Cancer anthonyi) ranked s ix 

teenth .  I n  con t r a s t ,  Anthony's rock crab w a s  ranked seventh by 

number impinged and two-spotted octopus was ranked only t h i r t y -

e ighth .  Both species  were pe r iod ica l ly  q u i t e  common i n  the  

study a r e a ,  and t h e i r  occurrence a s  major i nve r t eb ra t e  components 

of t h e  impingement samples  i s  not  su rp r i s ing .  

A s  indicated i n  Table 7.4-6,  t h e  t o t a l  weight of a l l  animal 

ma te r i a l  impinged a t  t h e  three t r a v e l i n g  screen s t a t i o n s  during 

E. sampling over t he  336-day period w a s  1548.4 kg (3414 lb). Of 

t h i s  ma te r i a l ,  1395.2 kg (3076 l b )  cons is ted  of f i s h e s  and 153.2 

7-35 




kg (338 lb )  of l a rge  inve r t eb ra t e s .  Thus, f i s h e s  accounted f o r  

90.1 percent of t h i s  material and inver tebra tes  only 9.9 percent .  

The h ighes t  weight of animals was impinged a t  t r a v e l i n g  screen 

s t a t i o n  5 (842.8 kg o r  18,158 l b  of f i s h e s ;  63.1 kg o r  139 l b  of 

i nve r t eb ra t e s ) .  The second highest  weight of animals was i m 

pinged a t  s t a t i o n  4 (353.3 kg o r  779 l b  of f i s h e s ;  28 .7  kg o r  

63 I b  of i nve r t eb ra t e s ) ,  and the  lowest weight of animals w a s  

impinged a t  s t a t i o n  1 ( 1 9 9 . 1  kg o r  439 l b  of f i s h e s ;  61.4 kg o r  

135 l b  of i nve r t eb ra t e s ) .  

These weights are somewhat lower  than t h e  t r u e  amounts i m 

pinged during t h e  period February 4 ,  1 9 7 9 ' - January 4 ,  1980, 

because sampling could not  be completed on a l l  days and because 

some badly damaged animals were not  weighed. These da t a  a l s o  

exclude the  weights of f i s h e s  removed during tunnel  r ec i r cu la 

t i o n .  However, they represent  reasonably accura te  es t imates  for 

t o t a l  weights of material impinged. 
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e 7.5 VARIATIONS IN NUMBER AND BIOMASS OF FISHES IMPINGED IN 

RELATION TO ENVIRONMENTAL FACTORS 

Short- and long-term fluctuations in numbers and biomass of 

fishes impinged during the 48-week study period are considered 

in this section,with emphasis on the critical species identi

fied in Section 7.4. The possible influences of major environ

mental factors on impingement also are considered. These 

factors are water temperature,salinity,wave conditions,wind 

speed, storms and rainfall, cloud cover, and dredging operations 

in outer Agua Hedionda Lagoon. Possible effects on impingement 

of day vs. night conditions, tidal conditions, and flow rates in 

the cooling water system are considered separately in Sections 

7.6, 7.7, and 7.8, respectively. 

Plots of mean total number and mean total weight of all 

fishes impinged at traveling screen station 1 per 24-hr interval 

over the period February 4 ,  1979-January 4 ,  1980 are shown in 

Figures 7.5-1 and 7.5-2, respectively. These mean values are 

based on data taken during each 7-day sampling interval. Also 

shown on these same figures for comparison is a plot of mean 

water temperatures for each of the same 7-day periods. Plots of 

these impingement data for traveling screen station 4 are given 

in Figures 7.5-3 and 7.5-4 and for station 5 in Figures 7.5-5 

and 7.5-6. Plots of the combined impingement data for all three 

stations are shown in Figures 7.5-7 and 7.5-8. 

The mean impingement values for each weekly interval on 

which these plots were based are given in Table 7.5-1. Also a 
7 - 3 7  



TABLE 7 .5-1  
MEAN TOTAL NUMBER AND WEIGHT (g) OF ALL FISHES IMPINGED AT ENCINA 

POWER PLANT TRAVELING SCREEN-STATIONS PER 24-HOUR INTERVAL 
OVER THE PERIOD FEBRUARY 4 ,  1979 - JANUARY 4 ;  1980 

STATION 1 STATION 4 STATION 5 ALL STATIONS 
TIME .. Total Total Total Total Total Total Total Total 
PERIOD WEEK Number Weight Number Weight Number Weiqht Number Weight 

Peb 4-10 
11-17 

1 
i
7 

46 522.0 
31 242.0 

293 2688.0 
170 1107.0 

116 1786.0 
90 1148.0 

455 4996 0 
291 2497 0 

18-24 3 72 788 0 519 5447.0 703 5759 0 1374 11994 0 
Fob 25-Mar 3 4 91 914.0 160 2392* 0 115 1603.0 366 4909.0 
W r  4-10 9 6 50.0 0 0.0 41 1123.0 47 1173.0 

11-17 6 13 73.0 0 0.0 35 1157.0 48 1230 0 

25-31 
Apr 1- 7 

8 
9 

7 
fi 

29.0 
174.0 

0 
0 

0.0 
0.0 

24 
271 

2232.0 
9573 0 

31 
276 

2261.0 
9747 0 

0-14 10 3 91.0 0 0.0 21 1135.0 24 1226.0 
15-21 11 2 47.0 0 0.0 18 1470.0 20 1527.0 
22-28 12 8 110.0 0 0.0 50 1944.0 50 2054 0 

Apr 29-Usy 5 
lzay 6-12 

13-13 

13 
14 
15 

14 
97 
33 

185.0 
521 e 0  
21Y.O 

0 
0 
0 

0 . 0  
0.0 
0.0 

11 
0 
0 

2882 0 
0.0 
0.0 

25 
97 
33 

3067 0 
521.0 
219.0 

20-26 
)(.J 27-Jun 2 
Jun 3- 9 

16 
17 
18 

67 
52 
57 

820.0 
478 0 
288.0 

0 
0 
12 

0.0 
0.0 
92.0 

0 
0 
49 

0.0 
0.0 

952t 0 

67 
52 
118 

820t 0 
478.0 
1332 0 

18-24 7 13 105.0 0 0.0 30 4583 0 43 4688.0 

10-16 19 91 798 0 42 224 4 0 61 948.0 194 1970.0 
17-23 20 107 487 0 236 1943.0 140 3505.0 491 6015.0 

Jul  1- 7 22 31 187.0 235 549.0 102 593 0 368 1329.0 
8-14 23 30 59 .0  323 716.0 258 1642.0 611 2417.0 

15-21 24 31 274 0 77 426t 0 S8 7524 0 166 1452.0 
22-20 25 87 237 0 112 278+ 0 106 1052.0 305 1567 0 

Jul  29-A~g4 
A u ~  5-11 

26 
27 

Y5 
17 

972e 0 
145.0 

195 
50 

476 0 
1133.0 

72 
32 

3193.0 
563.0 

362 
107 

4641.0 
091 .O 

12-18 28 46 192.0 105 422.0 41 945 0 192 1559.0 
19-25 

Aug 26-Srp 1 
Scp 2- 8 

29 
30 
31 

IO0 
55 
54 

425.0 
194.0 
113.0 

380 
153 
216 

1012.0 
1381 0 
703 0 

103 
53 
73 

1040.0 
267 0 
739 0 

59: 
261 
343 

2477.0 
1842 0 
1555.0 

24-30 21 51 274 0 320 927.0 145 2105 0 516 3306 0 

9-15 32 1 5  106.0 67 109.0 21 234 e 0  103 449 0 
16-27 33 39 168.0 31 312.0 20 530.0 90 1010.0 
23-29 34 57 463e 0 42 365 0 90 932.0 189 1760.0 

O c t  7-13 
14-20 
21-27 

36 
37 
38 

33 
34 
79 

2033 0 
110.0 
471 e 0  

75 
94 

223 

414.C 
257 0 
909.0 

L-

28 
68 

722.0 
501 e 0  
760.0 

131) 
156 
370 

3169.0 
868 0 
2140.0 

Oct 28-Nov 3 39 187 494.0 168 375t 0 62 1114.0 417 1983.0 
Nov 4-10 40 88 539.0. 100 430.0 59 1164.0 247 2133.0 

11-17 41 53 520.0 196 675.0 58 640.0 307 1835.0 

S e p  30-0ct 6 35 41 203 0 100 515.0 53 980 0 194 1778.0 
33 

18-24 42 210 711.0 394 1094 0 189 1353.0 793 3158.0 
NOQ 25-Dec 1 43 60 537e 0 513 207.0 11 343.0 584 1087.0 
Dec 2- 0 44 37 235 0 143 1032.0 49 1379.0 22P 2646 0 

9-15 45 13 192.0 60 544.0 24 866 0 97 1562.0 
16-22 46 9 187.0 123 844 0 64 1146.0 196 2177.0 
23-29 47 34 391 e 0  91 773 0 21 357.G 146 1521.0. 

Dec 3 0 - ~ a n  4 48 8 112.0 33 1523.0 7 1204 0 48 2839.0 
40-1911 
MEAN 50.4 3 6 5 . 1  126.2 6 5 3 . 0  78.2 1437.0 2 5 4 . 8  2455.5 
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0 shown in Table 7.5-1 are the overall mean numbers and weights of 

all fishes impinged over the 48-week period of the study. 

Plots of weekly mean temperature and salinity values for 

seawater entering the cooling water system of the Encina Power 

Plant during the 48-week period are shown in Figure 7.5-9. As 

indicated in Appendix Section 16.2.3, these measurements were 

made at the point where seawater enters the bar rack screening 

system. Weekly mean flow rates, temperature, and salinity 

values are given in Table 7.5-2. 

Plots of weekly mean values for wave height of the ocean 

just offshore from the Encina Power Plant and of cloud cover are 

shown in Figure 7.5-10. Observations of wave height for the 

0 

oceatl were made at a point near where seawater enters Agua 

Hedionda Lagoon, the source of cooling water for the Power 

Plant. The presumption was that high waves at that point associ

ated with'storm conditions may cause some fishes to move into the 

lagoon seeking shelter and thus become more susceptible to 


impingement. Observations also were made of wave heights in 


Agua Hedionda Lagoon adjacent to the bar rack screening system. 


However, these wave heights were always less than one foot and 


for that reason were not considered to be a significant factor 


affecting impingement. 


Shown in Table 7.5-3 are detailed data for total number and 

total weight of a l l  fishes impinged at traveling screen stations 

1, 4 ,  and 5 during each 12-hr sampling interval over the period 

February 4 ,  1979-January 4 ,  1980. Also shown in this table are 



r 

TABLE 7.5-2  
WEEKLY MEAN TEMPERATURES ("C) , SALINITIES (%,) AND FLOW RATES 
(1000 gpm) OF SEAWATER ENTERING THE COOLING WATER SYSTEM OF THE 

ENCINA POWER P M T  DURING THE PERIOD 
FEBRUARY 4 ,  1979 - JANUARY 4 ,  1980 

UNITS 1-3 UNIT 4 UNIT 5 
TIME TEMPERATURE SALINITY Flow R a t e  Flow R a t e  Flow R a t e  

PERIOD WEEK ("C) P/oo 1 (1000 gpm) (1000 gpm) (1000 gpm) 

Feh 4-11) 1 13.5 32.5 121 180 220 
11-17 2 14.5 32.5 134 180 220 
18-24 3 14.0 31.3 134 153 220 

Feh 25-Mar 3 4 14.0 32.1 134 153 220 
Mar 4-10 

11-17 
J 

6 
14.5 
15.5 

32.5 
31.5 

134 
3 34 

0 
0 

220 
220 

18-24 7 15.0 30.6 134 0 220 
25-31 8 16.5 30.9 134 0 220 

Apr 1- 7 9 17.0 31.8 139 0 220 
8-14 10 17.0 31.7 129 0 220 

15-21 
22-28 

1 1  
12 

17.0 
16.0 

31.9 
32.7 

121 
127 

0 
0 

220 
188 

Apr 29-May 5 13 17.0 32.4 108 0 220 
May 6-12 

13-19 
14 
15 

16.0 
16.5 

31.1 
32.2 

134 
134 

0 
0 

0 
0 

20-26 16 10.0 32.0 134 13 0 
May 27-Jun 2 
Jun 3- 9 

17 
18 

1Y.O 
10.5 

32.3 
32.6 

134 
128 

0 
27 

0 
220 

10-16 19 20.5 33.0 134 27 215 
17-23 20 20.0 32.5 97 27 220 
24-30 21 21.5 32.8 8B 0 220 

JUl 1- 7 22 20.5 32.6 * 76 0 220 
8-1 4 23 21 a 0  32.7 82 27 220 

15-21 24 19.5 32.4 134 153 220 
7, c22-28 *...I 21.0 32.4 114 180 220 

*: -. 22 .5  32.5 134 180 220 
12-1A 29 22.0 32.5 127 180 220 
19-25 39 20.5 32.4 133 180 188 

AUK 26-Sep 1 
S r p  2- 8 

9-1 S 

30 
3 1 
3-.' 

21 .0 
21 .o 
2 @ * 5  

32.2 
32.7 
32.6 

134 
134 
134 

180 
180 
129 

188 
220 
,720 

16-22 3 3 23 .o 32.6 134 153 210 
23-29 

Sep 30-0ct 6 
O C t  7-13 

34 
3:, 
3s 

lg.5 
16.5 
17.5 

32.6 
32.8 
32.7 

134 
134 
134 

153 
153 
180 

220 
220 
220 

14-20 37 18.0 32.7 134 180 220 
21-27 3s 17.5 32.7 134 180 220 

O c t  28-Nov 3 39 14.5 32.8 134 180 220 
NOV 4-10 40 16.0 32.7 134 180 220 

J U l  29-Aug 4 241 20.0 32.3 134 180 220 
Au& 5-11 & ,  

11-17 4 1  15.0 32.7 134 180 220 
18-24 42 11.5 32.8 134 180 220 

Nov 25-Dec 1 43 14.0 32.8 127 180 220 
Dec 2- 8 44 14.0 32.8 134 180 220 

9-15 45 14.5 33.0 134 171 220 
16-22 46 15.0 32.8 134 180 220 
23-29 47 14.0 32.6 134 13 220 

Dec 30-.ian 4 48 12.5 32.7 134 171 220 

TOTAL PLANT 
F l o w  R a t e  
(1000 gpm) 


521 
534 ' 

507 
507 
354 
354 
354 

354 

354 

349 

341 

315 

328 

134 

134 

147 

134
z:0 
344 
308 
296 
329 
507 
514 
534 
534 
527 
501 
502 
534 
483 
497 
507 
507 
534 
534 

534 

534 

534 

534 

534 

527 

534 

525 

334 

367 

525 
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e TABLE 7.5-3 
TOTAL NUMBERS AND WEIGHTS (g) OF ALL FISHES IMPINGED AT ENCINA 

POWER PLANT TRAVELING SCEEN STATIONS DURING EACH 12-HOUR 
SAMPLING INTERVAL OVER THE PERIOD 
FEBRUARY 4 ,  1979 - JANUARY 4 ,  1980 

S T h T I O N  
1 

‘1OT AL 
TIM OF m y  TOTAL NUHBER UEIGHT------------.

790204 

790205 

tiny 
NIGHT
rinY 

21 
0 
5 

C!53 
0 

53 

514 
13 
35 

6426 
79 

1187 

14 
20 
13 

22 1 
642 
4 SO 

NZGHT 36 1367 47 2303 317 3337 
790206 m y  0 0 130 105‘4 26 491 

N I G H T  0 0 73 768 29 697 
790207 t i n y  BO 116 115 220 7? 594 

N I G H T  52 558 0 0 9 130 
790208 m y  4 15 115 1142 42 6Y2 

N I G H T  3 121 360 660 60 345 
790209 DAY s 2 210 3017 BO 3526 

N I G H T  96 6YO 292 1109 60 370 
790210 DAY 16 180 8 4  ’ 630 35 243 

N1GHT 0 0 63 181 36 764 
790211 UhY 16 25 10 77 45 22D 

N I GHT 8 446 235 636 20 734 
DAY 0 0 0 0 27 343 
N I G H T  30 227 205 405 36 6YO 
DAY 5 7 70 959 4 42  
N I G H T  8 5 4  224 1230 32 517 

790214 tiny 15 11 16 6 4 8 6 1  
N I G H T  0 0 30 349 88 504 

790215 w++Y r.> 145’ 1 12 12 540 
NIGHT 36 221 0 0 101 1185 

790216 rmY 1 0 b7 85’4 70 1799 
N I G H T  26 161 101. 1945 50 247 

790217 DAY 6 7 21 423 27 503 
N I G H T  60 35)3 ioa 754 42 570 

7902161 LIAY 0 0 0 77 10 649 

790219 
N I G H T  
n A  Y 

24 
J 

21 1 
a 7 

1uo 
0 

672 
0 

21 
17 

374 
17.23 

N I G H T  Start Of 54 1034 324 1619 36 641 
790220 3 34 27 379 26 530 

4 1  373 321 1467 56 8 23 
790221 10 77 1 Y 1  2673 90 3310 

4 7  235 178 680 22 307 
790222 27 Y9 402 3254 1184 8005 

150 610 1269 10259 1716 8694 
790223 16 

44 
581 

1133 
157 
291 

774 1 
6544 

370 
692 

2871) 
54 E6 

790224 27 233 3 25 888 5804 
5 4  H3E 2u2 2637 355 1198 

790225 6 14 152 :I&?? 0 0 
7902P6 44, 840 100 736 84 4 l Y 8  

54 ?59 76 605 96 4068 
7901‘27 24 J 93 13. 22B6 52 839 
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TABLE 7.5-3 (Continued) 

790228 DAY 51 802 72 2393 28 518 . 
NIOHT 57 566 162 1602 78 695 

790301 DAY b 27 418 49 841 50 1068 
NIGHT 0 51 665 59 SO9 0 0 

790302 DAY 0 40 
NIGHT 120 

667 
663 

63 
2 76 

1159 
5019 

52 
78 

2067 
1444 

790303 DAY 15 33 0 0 252 3,796 
NIGHT 7B 1177 48 951 32 1636 

790304 NIGHT 18 71-1 0 0 57 1674 
79030s 
790306 

m y  7 
DAY 0 

87 
0 

0 
0 

0 
. o 

56 
28 

1399 
1043 

NIGHT 1 u 0 0 11 735 
790307 D A Y  1 3 0 0 28 376 

NIGHT 4 6 0 0 3.3 316 
790308 DAY 1 9 0 0 14 632 

NIGHT 4 17 0 0 15 136 
790309 any 1 

NIGHT 1 
3 
3 

0 
0 

0 
0 

16 
12 

600 
517 

790310 r iny  0 0 0 0 24 216 
NIGHT 7 136 0 0 15 314 

790311 D4Y 0 3 
NIGHT 9 

12 
31 

0 
0 

0 
0 

9 
9 

234 
210 

790312 

790313 

r w  0 2 
NIGHT A 2 
D A Y  1 

F) 
6 
3 

0 
0 
0 

0 
0 
0 

7 
8 

1 0  739 0. 
NIGHT 32 100 0 0 30 624 

790314 ctny 4 
NIGHT 17 

18 
140 

0 
0 

0 
0 

20 
31 

1367 
602 

790315 nnr J" 17 0 0 14 178 
NIGHT 18 74 0 0 32 890 

790316 DAY 5 21 0 0 10 614 
NIGHT 0 Y 55 0 0 32 1242 

790317 DAY % A  0 
NIGHT X I 

0.>.-5 0 
0 

0 
0 

23 
9 

941 
251 

790318 DAY L 4 0 0 10 728 
NIGHT 0 14 8'; 0 0 20 600 

790319 D A Y  0 0 0 0 1 56 
NIGHT x 4 5 23 0 0 12 9060 

790320 rm Y % A  7 28 0 0 12 1103 

7Y0321 
NIGHT x 10 
D A Y  0 4 
NIGHT 0 x Y 

70 
16 
31 

0 
0 
0 

0 
0 
0 

6 
23 
27 

489 
1503 
1164 

790322 DAY 15 1Y6 0 0 1 1  276 

790323 
NIGHT 1 
LlnY T" 

0 
27 

0 
0 

0 
0 

1% 
21 

096 
9133 

NIGHT 7 24 0 0 27 2052 
790324 DAY 3 1u1 0 0 7 446 

NIGHT Y 41 0 0 18 576 
790325 DnY 1 4 0 0 10 470 

NIGHT 7 24 0 0 16 481 
790326 DAY 0 0 0 0 s 843 

NIGHT E) 50 0 0 9 262 
790327 	 nnY e 1 4 0 0 8 781 

NIGHT .O Ir 7 33 0 0 19 851 
790328 D A Y  % A  4 20 0 0 1 1  5529 

N 1GHT x 7 20 0 0 24 2536 
7903s m y  4 17 0 0 7 

NIGHT 4 11 0 0 19 :;3
790330 DAY % 0 0 0 0 12 645 

NIGHT 3 11 0 0 15 570 
790331 DAY rc 0 0 0 0 8 1594 

NIOHT TR 4 14  0 0 7 '147 

7-42 
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TABLE 7.5-3 (Continued) 

790401 DAY 22 aY 0 0 220 7171 

790402 
NI(iH1' 
anY 

0 
1 

0 
200 

0 
0 

0 
0 

1403 
84 

3J8E)H
26!,:! 

N I G H T  4 702 0 0 72 1475 
790403 D A Y  0 0 0 0 24 4454 

N I G H T  0 0 0 0 20 1.034 

790405 
N I G H T  
DAY 

1 
2 

1stj 
3Y 

0 
0 

0 
0 

10 
8 

1 c - c ;  
7 'r' 

N I G H T  1 4 0 0 10 8HL 
790406 1.mY 0 0 0 0 4 56 

NlCiHT 0 0 0 0 6 1'93 
790407 D A Y  0 0 0 0 1 1  341 

N I G H l  2 ? 0 0 3 I? 
790400 unY 0 0 0 0 2 54 

790409 
N I G H T  * 0 

1 
0 
.3 

0 
0 

0 
0 

16 
7 

506 
1455 

7Y0410 

790411 

NIGHT 
uny .. 0 
N I L "  
[InY 0 
N I G t i T  

3 
1 
0 
'>-
0 

U b  
7 
0 

12 
0 

0 
0 
G 
0 
0 

0 
0 
0 
0 
0 

6 
3 
6 

12 
22 

3132 
13 1 
3 :i 8 
b -/ 7 
3.880 

790412 D A Y  1 313 0 0 11 c 75 

790413 
N I G H T  
LIAY 

3 1 \) 
Ll 

0 
0 

0 
i) 

13 
1 4  

37c 
237 

N I G H T  3 53 0 0 14 662 
,.'PO 4 1 4 im Y 0 0 0 0 1.0 337 

N I GtiT 2 15' 0 0 1 1  . 186 
790415 Dh Y X 0 0 0 0 8 ' 2 7  

7'90416 
N I G H T  
rlnr 

1 
3 

3 
3 b 

0 
0 

0 
0 

7 
9 

85 
3.33 

NItiHT 6 65 0 0 17 75'1 
790417 DAY 1 e

J 0 0 6 448  
NICihT 1 1 4  0 0 8 367 

790418 DAY 1 35 0 0 Y 576 
NIGt11 1 a 0 0 u 434 

7904 19 M Y  1 2 '? 0 0 10 8U7 
N I G H T  0 0 0 0 8 350 

790404 DAY 2 9 0 0 20 4?70 
as. 

790420 I l A Y  0 0 0 0 11 847 
N I G H 1  1 0 0 0 d 	 649 

790421 D nY 0 0 0 0 12 Y L  * 
N I G H T  1 162 0 0 11 3971 

790422 DAY 0 0 0 0 20 875 
N I G H T  0 0 0 0 12 656 

790423 DAY 2 9 0 0 23 321 
N I G H T  2 1 1  0 0 14 833 

790424 rJA Y 1 90 0 0 23 705 

790425 
790426 

NI G H T + D r e d g i n g  
ICHI' Comp1e ted

[IhY 

7 
7 

1 3  

126 
5 7  

,107 

0 
0 
0 

0 
0 
0 

53 2307 
41 1170 
65 1871 

790427 DAY 0 0 0 0 8 510 
N I G H T  0 7 23 0 0 26 4 i e  

790420 PAY 3 13 0 0 0 0 
N I G H T  6 125 0 0 18 2002 

790429 DAY 3 278 0 0 5 509 
N I G H T  13 119 0 0 0 0 
m y  0 0 0 0 1 1  7854 
N I O H l '  1 5 0 0 Y 447 
PAY 0 0 0 0 8 3 32 
N I G H T  0 1 2 0 0 8 U9Q3 

790502 DAY 0 0 0 0 9 l.l.44-N I G H T  2 4 0 0 b00508"' 

'I? 

7 ' r, 3 
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TABLE 7.5-3 (Continued) 


STATION 
1 4 5

'I'OTAL TOTAL. TOTAL.
DATE T I n E  O f  DAY TOTAL NUHEKR U E I G W  TOTAL NUM#ER YEIQHl TOTAL NUMBER UEIOHT 

790503 DAY 1 28 0 0 4 106 
NI OHT 4 Y 0 0 7 187 

790504 DAY 7 162 0 0 0 0 
N I G H T  19 100 0 0 10 346 

790505 t iny  b 219 0 0 0 0 
N I G H T  41 369 0 0 0 0 

790506 DAY 7 60 0 0 0 0 
N I GHT 33 615 0 0 0 0 

790507 a 17 2v4 0 0 0 0 

790508 
N I G H T  
riny 0 
NIGHT 

6 
X 

53 
s 

�1 b 

204 
132 
467 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

790509 m y  
N I G H T  

4 1  
205 

144 
660 

0 
0 

0 
0 

0 
0 

0 
0 

7YOS10 rtny 14 3 38 0 0 0 0 

790511 
N I G H 1  
L M Y  q P  
N I G H T  e 

1 
111 

13 
51 

385.7 
114 
356 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

790512 D n v  7 101 0 0 0 0 
NI GHT 31 513 0 0 0 0 

790513 DAY R 115 0 0 0 0 
N I G H T  36 152 0 0 0 0 

790514 m y  S 103 0 0 0 0 
N I G H T  41 132 0 0 0 0 

790515 DAY 3 350 0 0 0 0 
N I G H T  27 168 0 0 0 0 

790516 DhY 1 2 0 0 0 0 
NI QHT 44 26 1 0 0 0 0 

7905 17 DAY 4 10 0 0 0 0 
N I G H T  33 07 0 0 0 0 

790518 t iny  1 2 0 0 0 0 
N I G H T  e 92 0 0 0 0 

790519 u n y  
N I G H T  

1 
16 

3 
4 7  

0 
0 

0 
0 

0 
0 

. o  
0 

790521 Dh Y u 347 0 0 0 0 
NIGHT 4 0  173 0 0 0 0 .  

790S22 DAY 13 50 0 0 0 0 
N I G t i l  4 3  2 Y  Y 0 0 0 0 

790523 DAY X 22 1060 0 0 0 0 
790524 DAY 0 4 Y  34s 0 0 0 0 

N I G H T  4Y 473 0 0 0 0 
790525 

N IGH1 
2 : )  
V6 

560 
730 

0 
0 

0 
0 

0 
0 

0 
0 

790526 DAY 1 7 0 0 0 0 
N I G H T  24 458 0 0 0 0 

790527 DAY 5 4 Y  0 0 0 0 
N I G H T  33 140 0 0 0 0 

790528 DAY 8 17 0 0 0 0 

790529 
N I G H T  
DAY 

20 
6 

125 
24 2 

0 
0 

0 
0 

0 
0 

0 
0 ... 

N IGHT 20 101 0 0 0 0 
790530 DAY 10 23 0 0 0 0 

N I G H T  20 163 0 0 0 0 
790531 DAY 36 4 Y 4  0 0 0 0 

N I G H 1  77 353 0 0 0 0 
79060 1 m y  17 62 0 0 0 0 

N I G H T  50 a37 0 0 0 
790602 D h Y  . 5 1> ~ 4  0 

0 
0 0 

NIQHT 36 504 0 0 0 
0790603 KIA r 2 0 0 0 0 : a  

NZQHT 3Y 59 0 0 0 0 
790604 m y  3 ,16 0 0 J 149 

N I O H T  20 21 0 0 0 0 
7POL05 	 nnr 4 11 4 14 b 

NIOHT 22 70 9 e4 
7-L,: 
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TABLE 7.5-3 (Continued) 


~~ ~ ~~~ ~~~ 

S,TAT ION 
1 4 5 

'IUTCIL TOThL T O l A i  

__- ----___--- I-_--
790606 DAY Y "2  0 0 17 5.33 

N I G H T  
790607 N I G H T  

27 
53 

114 
203 

2 
1 

13 
2 

24 
51 

. 128-.. 
I a1 

790600 DAY 0 0 1 3 25 663 
N I G H T  

790605' rinY 
' 35 
40 

266 
63 

1 
24 

4 
4 2  

30 
72 

sp3 
I73 

N I t i H S  117 102s 33 434 00 2)7 f;9 
790610 D nY 12 12 10 15 36 1J4 

N I G H T  10 4 9  I20 235 I) 40 
79061 1 DAY 95 406 1 0 31 4111 

N I G H T  52 uv2 El  4'7 81 624 
790612 DAY 4 4  YfJ 7 28 52 907 
790613 I l n Y  39 267 11 82 33 4L9 
790614 DAY 8 33 L 

J 7 41 . 6 2 0  

DATE T I N E  OF DAY TOTAL NUMHER UEXGti'I TOTnL NUHRER UEIGH'I' TOTAL NUMBER UE1:GHT _ _ _ _  -___ ._--------. .__ ______.^______ .-.------ ----._-_.

N I G H T '  35 505 13 253 25 1757 
790615 m y

N I G H T  
0 46 

0 
126 
0 

10 
LL. 

126 
374 

32 
0 

2 4 5  
0 

7FOi16 n n Y  2 Y  1oa 15 57 1.5 73P 
N I C H T T R  0 176 2212 25 117 17 182 

790617 DAY 0 0 34 446 62 2635 
NIG H l  0 0 43 455 142 :779 

79061% DAY 0 0 69 565 19 2060 
N I G H T  0 0 3s 636 35 i 130 
IIA Y 0 0 3 53 0 0 
N I G H T  0 0 7 109 62 :? 426 
LinY 0 0 29 1.34 0 0 
N I G H T  33 C ) ' , C ,

L r  L 102 307 104 1341 
790621 DAY a :! 4 1 1  525 53 1590 

N I G H T  626 2330 614 5076 7 0  766 
i.L'790622 DAY 1 7 .J r! 373 56 1 R 7 3  

N I G H T  3 4  237 325 3113 158 3019 
790673 DAY 6 '-.1 53 5 4 7  1 1. 1 2fJ49 

NIG l i l '  44 5 4 0  271 117U 155 3720 
790624 DAY 1 I 54 348 .JL 1.063 

N IGtiT 1 2 0 0 68 2612 
740625 IInY 1 1 4 6 f til 74 Soh 

N I G H T  
T93'62b D A Y  

44 
14 

:!'.A 
1 1 2 1  

3/2
YO 

725 
5'?3 

Y1 
79 

1925 
1735 

N I G t l T  20 66 ~~~~ 13YY 60 :;zs 
D A Y  
N I G H T  

16 
4 

76 
5 

7 4
1(io 

t # 8 4
305 

84 
65 

589 
1711 

790620 DA'I 6 L) 1Gt3 1h5 84 530 
NTGtiT 

7906L'Y Dh Y 
9 
0 

111 
0 

- > y . j*i.-,. c _..v .' 
5:T' 
4 36 

98 
HO 

1671 
8 7 4  

N I G H T  4 L 3JL 4u3 0 0 
790630 D A Y  120 140  0 0 3 3 1 E37 

N I G H T  100 71 316 419 144 S'r'c. 
790701 DAY 2 7 94 231 16 Y :.? 

N I G H T  0 0 87 370 0 0 
790702 any 54 4 9  60 73 16 56 

N I G H T  1 1  1C'2 Lb 107 20 3 2 5  
790703 D t w  0 5 4 95 167 48 17% 

N I G H T  8 10 330 396 102 4Y9 
790704 rmY 4 1G3 40 4 0  40 4 6 9  

N IWIT 18 2CI 140 709 70 204 
790705 DAY 8 6 48 81 36 5kI3 

N I G H T  40 J'i3 622 11YY 4s 20 3 
79070A DAY 0 0 5 4  00 60 843 

EN I G H T  0 1U 42 2YO 62 385 
790707 [tny 2 124 0 0 188 286 

N l G H T  54 410 3 11 5 27 
790708 nnY 7 :4 36 391 49 1329 

N I G H T  6 14 126 29 1 0 0 

7 - 4 5  
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TABLE 7.5-3 (Continued) 

1 

S T A T I O N  
1 4 5 

TOTAL TOTAL 1OTAL 
DATE T I M E  OF DAY---.---.T O l h L  NUfiHER WEIGHT TOTAL NUHDLR WEIGHT TOTAL NUHHEW WEIGHT..--______-___-_..- -.------.-...-------- ----_-_--..-_----_-^.____-___-_________I________ 
79070Y rmr 6 4  112 ZY 1 391 248 2184 

790710 
NIQHT
DAY 

54 
u 

U6 
1 1  

5 6 4  
60 

120Y 
132 

828 
64 

1681 
...?'346 

NI GIIT 0 0 320 628 112 434 
790711 m y  

N IGHT 
10 
12 

10 
10 . 

6 
575 

tj 
103Y 

48 
175 

247 
445 

790712 DAY 0 0 12 10 a 4 5  
WIGHT 24 46 104 148 114 823 

790713 [InY 0 0 32 70 12 1Y 
N IGHT 12 14 90 206 3Y n m  

790714 DAY 1 4 14 54 32 429 
NIGliT 1 1  77 24 427 75 7Eltl. 

790715 DAY 15 14 21 511 27- 68 
N I G H T  84 711 17 89 3 0 

790716 D A Y  0 0 49 62 16 ' 129 
N I G H T  28 26 12EI 154 66 175 

790717 UAY 0 0 6 c 18 22 
N I G H T  76 336 42 60 45 1 1 1  

790718 ~ I A Y  i 1 15 17 13 I. 000 
L 1N I G H T  7 .Pol3 1h 2  b 14 4 5  605 

7YO71Y l lAY  0 0 12 1 I'o0 20 665 
790720 l l A Y  0 0 10 19 4E) 430 

N I G H T  1 0 74 243  6 358 
790721 D A Y  0 ii 0 0 72 Y93 

N I G H T  i 
7 "-45 0 0 100 748 

790722 I I A Y  0 0 0 0 12 209 
N 1GHT 1 .J 0 0 29 595 

7 9 0 ~ 3  IinY 7 8 12 1 I R  30 . Y O 0  
N ICjHT 30 35 E'I 

i.I 25 70 582 
75'0724 D A Y  0 0 1'4 78 21. 17.n 

N I G H T  16 1U 95 203 78 1892 
790725 DAY 54 156 0 0 24 4213 

N I G H T  138 350 0 0 8a 1043 
790716 D A Y  110 1so 128 240 16 23 
790727 OhY 0 361 30 2 2 4  30 38 

N I G H T  115 354 159 101 128 ' 79 
79o720 unY 15 34 2 4 8  127 192 55 

N I G H T  TR 20 63 130 692 104 814 
730729 D A Y  7 31 8 26 0 0 

NIGtiT 70 164 66 515 142 8210 
790730 DAY 0 0 66 43 21 7 

N I G H T  15Y 3100 39 180 37 2720 
790731 M Y  0 0 7 4 2  28 2264 

N I G H T  0 0 59 4'12 39 4629 
790001 N I G H T  0 0 126 548 7 26 
790002 r m Y  3 2 173 223 66 337 
79oao3 DAY L' 3 3 2 93 11 2 2 4  

N I G H T  Y b  699 30 62 16 537 

c 


3790604 rthy 6 10 34 f 1Y L 1 
N 1GHT *-

790805 DAY 0 0 2 1 0 0 
N IGtIT 1 :! 606 0 0 6 933 

790806 DAY 0 0 6 b 20 211 
N IGHT 24  4 2  70 293 38 218 

790807 uny 
N I G H T  

0 
0 

0 
0 

11 
0 

29 
0 

22 
45 

330 
912 

c 

?'>O 1812 550 533 60 203 

790808 IIAY 0 0 4 2  62 J 412 
N I G H T  0 0 56 77 El 43 

790009 DAY 2 10 13 179 7 163 
N I G H T  51 190 8 100 18 127 

790810 DAY 0 0 0 0 6 181 
N I G H T  4 32 6 . 4  El 12 

7-&6 



'l'AHLE 7.5-3 (Continued) 

790811 unY 4 9 20 149 3 65 -,-*NIGHT L i  126 165 203 4 0  336 
790012 m y  4 6 8 18 4 7 

NIGHT 6 14 12 248 20 557 
790813 DAY n 0 (4 1 3 0 

NIGHT 9 12 22 8.3 15 176 
790814 DAY 1 3 13 30 1 1  346 

NIGHT 40 1 is' 78 1042 3s 53 
790015 IlnY -> t 35 71 10 :!25 

NIGHT 12 13 52 185 4 3 
7Y0816 IIplY 2 4 3b ?Y l? 251 

-. .. 

NIGHT 24 7bY 0 0 36 !C>32' 
75'0Ell7 I:I AY 3 s 39 43 30 1.54 

7Y08lEI 
N IGtiT 10% 

-> 
2 .:Ii) 

.-. 390 
4 2  

5:>2 
193 

42 
1 4  

1509 
609 

NIGHT 111 14V 396 462 45 42 
790819 NIGHT 12 14 116 1041 27 1Y1 
790821 DAY 33 59 65 426 26 374 

NIGHT 0 0 0 0 4 9 
790822 DAY 20 5v4 0 0 76 349 

NIGHT 294 730 306 4k15 l f 2  1008 
790823 DAY ' 0  0 150 190 28 2301 

?90824 
NIGHT 
DAY 

112 
4 

2;'5 
27 

105 
38 

600 
65 

118 
17 

873 
249 

NIGHT 60 3Yl 260 456 14 910 
790825 iiny 4 1 4  800 1185 0 c 

NIGHT 48 226 168 1 I31 54 475 
730826 DAY 2 13 42 905 0 0 

N IGI41 9 105 204 2121 0 0 
790827 DAY 2 13 46 443 0 0 

NIGHT 31 70 10 2176 2 19 
790820 114Y 0 0 0 0 1 1 1  

NIGHT 23 82 82 215Y 15 71 
790829 

75'0830 

DAY 
NIGH1 
DAY 

e. 6 
28 

4 

212 
58 

3 

100 
114 
60 

4f13 
230 
79 

2 
11 
12 

29 
116 
144 

790631 
Nl GHT 
slny 

151-? 
351 

4 
0 
32 

0 
130 

4tt 
30 

404 
186 

7905'01 
NIGHT 
m y  
NIGHT TR* 

2kl 
0 

100 

24 
0 

412 

54 
4 2  
204 

273 
180 
498 

99
i a  

132 

638 
72 
lR2 

790902 slny 
NIGHT 

14 
86 

16 
122 

36 
106 

11.0 
1200 

52 
303 

502 
a30 

790903 DAY 2 1 34 70 16 1a x  
NIGHT 162 543 54Y 1688 0 0 

790904 DnY 0 0 21 14  0 0 
790905 D4Y 2 L-l 5 3 10 235 

N IGtiT 0 0 288 3>0 0 0 
790906 DnY 0 0 El 15 12 140 

NIGHT 0 0 42  244 0 0 
75'0907 m y  c

J 2 10 53 4 0 
NIGHT 6LI 156 202 734 36 4b4 

790908 IJAY 0 0 5 1 3 0 0 
NIGHT TR 12 24 16 I 5  42 810 

790909 DAY 14  135 0 0 3 21 
790Y10 DAY 0 0 3 3 2 55 

NIGHT 32 26 138 117 24 54 
DAY 0 0 0 0 1 2 
NIGHT 0 0 14 50 a 30 
L'AY 0 0 6 13 3 91 

790913 
NIGHT 0 0 86 137
NIGHT 0 0 0 0 

29 
30 

14s 
392 

*Incomplete tunnel recirculat  .ion Limited to 2 hrs.  
7-4-7 
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TABLE 7.5-3 (Continued) 


sT A T  I ON 
1 4 S 

TOTAL 'rKJ rni. TOTAL 
DATE TIHE OF DAY TOTAL N U M K R  YEIOH'T TOTAL NUMBER WEIGHT TOThL NUMBER UEIGHT 

_____________-__-----_..-------.---.---.--.- . I---__-----*- I_. .-__--------__----__--
7909 1 4  

7909 1J 

DAY 
N I G H T  
D A Y  

0
IS  
0 

0 
256 

0 

4 
76 

6 

14  
3i)l 
23 

8 
7 
2 

572 
18 
10 

N I G H T  30 217 70 115 0 0 
79091 6 DAY 0 0 6 36 4 18 

N I G H T  11  57 ' 0  0 3 303 
7909 17 tiny 12 31 2 15 3 19 

N I G H T  0 0 11. 4a 0 0 
79091 8 D ~ Y  6 2 6 8 3 41 

N I G H T  0 0 37 613 18 797 
c79091 9 DnY .I ZY E 67 4 142 

N I G H T  0 0 58 20 1 30 190 
790920 uny 0 0 10 68 3 31 

N I GH7 228 730 22 491 18 85 
' 790921 DAY 0 0 12 86 3 39 

N I G H T  1 0 37 500 30 1124 
790922 DAY 1 2 Y Z  2 7 17 717 

N I G H T  6 35 0 4L 7 20 1 - .790923 	 Dh Y 1 2 48 -1 "7 32 418 
NIG H l  30 1 1 1  46 204 1 1 4  1958 

790924 Dh Y I :! 7 1 14  24 171 
N I G H T  JL 72 12 6 6 Y  33 212 

7305'25 rmY 0 0 5 20 1 10 
N I G H T  0 0 24 35 120 266 

790Y26 :In Y 1 1 1  0 0 7 424 
N I G H T  05 1250 50 755 flu 637 

7905'27 DAY 1 , 13 4 16 20 507 

790Y2B 
N I  GIiT 
Dh Y 

110-I 
866 

9 
0 
J 

0 
13  

35 
12 

' 341 
619 

790929 
N I G H 1  
IlAY 

146 
5 

5 y 2  
CI4 

93 
0 

552 
0 

41 
6 

424 
129 

N I G H T  36 221 3 i a  30 407 
790930 [In Y 0 0 0 0 8 212 

N I G H T  32 277 0 0 75 130 
791001 BAY 4 10 6 42 32 100 

N IGtiT 42 400 S �J6 33 896 
791002 DAY 0 0 100 1 1 9  5 40 

791003 
N IGHT 
I:InY 

T'e, 
4 

12a 
I!5' 

51 
76 

795' 
ti'73 

44 
1 1  

1581 
332 

c "I 

791007 [IhY 
N I G H T  

4
24 

3:i
7553 

36 
0 

','. 
L .I 3 

0 
-1 5 
24 

423 
354 

791008 DAY 6 37 20 . 113 3 8 
N I G H T  36 40 a1 64 1 21 291 

79100Y N I G H T  21 48 fl7 �401 36 707 
791010 DAY 2 10 5 41 1 20 

N I G H T  0 0 0 0 9 2169 
791011 N I  GH7 80 3 3 l l  40 409 0 0 
791012 IIA Y 30 04 4 25 0 0 
791013 DAY 1 13 18 109 0 0 

N I G H T  TR 0 0 1 1 Y  138 0 0 
791014 DAY Y 29 15 126 12 35 
791015 Dfl Y 8 4 276 203 4 9 529 

NIGHT 0 0 0 0 24 28 
791016 DAY 1 0 31 31 24 890 

N I G H T  75 119 0 0 34 764 

N IGtiT 36 2'30 69 378 -7 7 64 
79 1004 DAY I 7  136 18 1 7 4  1 9 

N I G H 1  6(i 4 1 U  23 1 4 'J' 7 54 734 
791005 119Y 0 0 0 0 9 118s 

N 1GHT 10 210 7 2  145 6Y 673 
' 9  1006 DA Y 0 0 0 0 25 30 

NIGHT 31 130 70 4 Y ?  4 s  876
' 

7-48  
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TABLE 7.5-3 (Continued) 

--. -. 

GTATION 
1 4 5 

TOTAL TOThL TUTAl 

---.------.--------------------.-----.--
‘791017 DAY 3 13 10 114 5 68 

NIGHT 42 96 Y 2  401 14 33 
791018 DAY 2 36 11 271 14 143 

NIGHT 4 14 27 102 0 0 
791019 DAY 2 34 10 72 21 41 

NIGHT 4 30 550 26 160 18 243 
791020 D A Y

NIGHl’ 
4 0 

5 
0 
21 

45 44 4 
64 145 11 

4c 
442 

791021 DAY 1 0 45 81 28 63 
NIGHT 180 201 20 205 24 43 

791022 DAY 
NIGHT 

4 
0 

10 
0 

YO 136 36 
117 400 -30 

29 
A 6  

791023 DAY 26 148; 29 2054 3 Z185 
NIGUT 144 416 56 496 0 0 

791024 DAY 0 0 48 155 48 1216 
791026 DAY 0 0 455 312 65 1?2k 
791027 NIGHl 0 0 144 250 82 287 
791028 M Y  78 924 107 604 35 2867 
791029 DAY 0 . 0 15 18 I? G 

NIGHT 60 70 2GO 329 22 673 
791031 m y  0 0 120 105 0 0 
791101 UAY 0 0 0 0 36 174 

N1Citil 1Y2 390 49 2H4 0 0 
791102 D A Y  0 0 0 0 9 96 

NIGHT 
791103 NIGHl 

104 
34u 

;i js 
CE: 1 

105 348 00 
0 0 95 

220 
961 

791105 D A Y  40 70 75 261 60 375 
791106 [ M Y  c- .4 i)5 32 91 114 301 

DATE TIHE OF rtny TOTAL NUHEW uEIGti1 TaTnL NUMBER WIGHT TOTAL NUHBEH YEIGHT 
_,___________~______I - - - -_ -______- - - - - ---.-----__----I-

NIGHT c-L-
3J 3 4  1 30 207 0 0 

791107 DhY 7 131 18 1 3 4  18 4.24 
NIGHT 

791108 PAY 
31 
40 

102 
:!a4 

74 
0 

4t)7
0 

36 
32 

422L 
154 

79110~1NIGHT z”J 312 03 530 0 0 
791109 DAY 31 205 44 92. 6 113 

NIGHT 4u 135 0 0 30 154 
791110 DAY 0 0 36 54 8 i 16 

NIGHT 20” 501 156 530 21 487 
791111 DAY El 37 792 1693 32 464 

NIGHT 82 1017 0 0 0 0 
791112 DAY 1 25 36 106 6 49 

NIGHT 0 0 “34 408 93 753 
791113 PAY 12 10 12 15 ia 887 

NIGHT 99 1301 182 1146 20 61 
791114 D A Y  0 0 0 0 8 175 

NIGHT 63 138 0 0 24 245 
791115 DAY 0 0 0 0 10 25 

NIGHT 0 0 0 0 21 b‘JJ 

791116 LsnY 26 182 18 395 7 2  ’ 749 
NIGHT 0 0 0 0 20 6C 

791117 DAY 1 UY 15 67 25 1GF 
NIGHT 76 u44 74 0‘?2 44 666 

79111E DAY S 11 00 380 79 327 
NIGHT 24 311 72 942 46 722 

79111~m y
NIGHT 

791120 DAY 

0 
28 
0 

0 
61 
0 

30 
12 
0 

222 
346 
0 

28 
70
i e  

196 
95 
153 

NIGHT 120 218 64 91 268 1430 
791121 DAY 460 1972 52 231 24 213 

NIGHT 0 0 205 552 62 877 
791122 NIGHT 626 1693 1533 2827 266 921 
791123 DAY 0 0 246 854 170 I.785 
791124 DhY 

NIGHT TR 
0 
0 

0 
0 

112 
0 

117 
0 

16 
94 

’ 434 

0 j.’$ 

e, 
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DATE TIHE OF 

791125 DAY 
791136 D A Y  

NIGH1 
791127 m y  

NIGHT 
791128 a n y  

NIGHT 
791124' DAY 

NIGHT 
7y i i30  m y  

N IGHT 
7Y1201 LtAY 

N 1GHT 
791202 IlRY 

NItiHT 
7Y120J D A Y  

NIGHT 
791204 DAY 

NIGHT 
791205 IlhY 

NIQHT 
791206 UAY 

NIQHT 
791307 m y  

NIliHT 
791200 m y  

NIGHT 
791205* DAY 

N IGH7 
791210 DAY 

N IGUT 
791211 DAY 

NIGHT 
791212 DAY 

NIGUT 
791213 DAY 

NIGHT 
791214 m y  

NIGHT 
7 ~ 1 x 5rtny 

NIGHT 
791216 D A Y  

NIGHT 
791217 DAY 

NIGHT 
791218 DAY 

NIGHT 
791215' DAY 

NIGHT 
791220 NIGHT 
791221 DAY 

NIGH1 
791222 NIGHT 
791224 DAY 
791235 m y  
791226 DAY 

NIGtfT 
75'1227 NIGHT 
7 9 1 2 2 ~  	m y

NIGHT 
791229 DAY 

TABLE 7.5-3 (Continued) 

STATION 
1 4 

TOThL 1 OTAL . 
DhY TOTISL NUtifiER NEIGH1 TOTnL NUHBER WEIQHT 

4 0  204 64 3 Y  4 
207 1103 74 304 

0 0 1743 29EIY 
0 0 0 13 

50 5Y2 413 3153 
15 65 18 104 
0 0 763 4105 
b 27 22  169 
31 723 51 311 
0 0 30 548 
40 777 30 253 

5 
IU lAL 

TOTAL NLtHBER W I G H T  

0 0 
0 0 

0 0 

7 135 
0 0 
0 0 
0 0 

15 21 
0 0 

26 1320 
6 152 

0 0 40 1.55 c 343 
0 0 68 Y O 1  12 359 
0 0 5 1 393 3 3. 97 
0 0 4u 222 18 1003 

4 5 4 7E3 87 1020 13 498 
0 0 32 576 10 5807 
0 0 40 :? 06 8 489 
0 0 25 508 41 391 
1 34 Y 26 28 105 
6 17 18 09 0 0 

3 $1 

0 
247 

0 
174 
ut3 

433 
1049 

14 
'A 3.. l Y 1  

282 
30 161 186 1079 1 4  93 
40 202 56 1128 32 221 
16 4 0  18 6% 11 
77 4 6 Y  172 731 24 235 

0 0 10 54 17 302 
0 0 3 Y  352 30 1033 
5 99 30 100 10 111 
0 0 0 0 26 316 
0 0 5 4 0  6 152 

3'2 140 32 1OB7 0 0 
4 29 32 232 6 414 
4 11 0 0 7 107 

11 173 5'0 311 13 4 96 
21 372 0 0 0 0 
13 206 22 l31 18 543 
0 0 60 75B 13 811 
1 3 14 44 6 126 
Y 126 77 692 15  1652 
2 3 10 29 6 170 
4 15 57 1215 12 382 
u 242 20 116 10 57 
0 0 54 319 17 243 

21 127 219 596 18 813 
0 0 1EO 426 5' 4 1850 

11 266 0 0 29 ,1403 

0 
0 

10 
0 

470 
0 

79 
0 

1331 
20 
v4 

90 
994 

0 0 32 731 0 0 
4 0 0 YO 303 4 0  279 

0 
4 

0 
69 $ 0 

8 3  
42 

7 
593 
128 

A 0 0 20 167 ?-J 404  
2 4 258 YO 804 24 200 
0 0 66 ll0Y 0 0 

52' 394 66 317 0 0 
2 ?El u lff9 c 

26 282 54 2Y7 0 
4 105 11 77 8 17; 

NIGHT TR 4 0 542 66 437 30 4 8 1  
791230 D h Y  0 0 16 2 3  0 0 
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TABLE 7.5-3 (Concluded) 


STAT ION 
1 4 5 

791231 D A Y  0 0 4) 2 0 0 
N I G H T  1 1  3 Y  0 0 . O  

ROO101 N I G H T  0 0 0 0 1:' 
800102 BAY I I ?  30 454 0 

N I G H T  0 0 37 396 0 
800103 N I G H T  a 63 0 0 0 
800104 DAY 1 1Y 9  19 5607 8 

N I G H T  10 193 40 3 4 3  10 

LEGEND 


TR - denotes t i m e s  of tunnel r ec i r cu la t ion  

0 - denotes wind speeds 1 2  mph 
0 -denotes ocean wave heights  f o r  2 4 f t  

x - denotes s a l i n i t i e s  5 29.9 %, 
A - denotes l ight-heavy r a i n  
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the specific times of occurrence for.physical conditions possi

bly related to impingement of fishes. These conditions are: 

wind speeds ->12 mph (19 kph), ocean wave heights -> 4  ft (1.2 m), 

salinity values -<29.9 ppt, associated conditions of light to 

heavy rainfarl, and times of dredging operations in outer Agua 

Hedionda Lagoon. These physical data were obtained as described 

in Appendix B, Section 16.2 .3 .  The specific times of tunnel 

recirculation or heat treatment of the cooling water system also 

are shown. Effects of tunnel recirculation are considered sepa

rately in Section 7.12. The format described above for biologi

cal and physical data in Table 7.5-3 allows their direct inter-

comparison, as described in the analyses of data that follow. 

A s  indicated in Figures 7 . 5 - 1  through 7.5-8 and Tables 

7.5-1  and 7.5-3,  total numb'ers and biomass of fishes impinged 

varied considerably throughout the year and from week to week. 

For all traveling screen stations combined (Figures 7.5-7 and 

7.5-8) ,  the greatest number and weight of fishes impinged was in 

late February, 1979 during a period of winter storms, rainfall, 

and low salinity (Table 7.5-3  and Figure 7 .5 -9 ) .  This peak is 

most evident in the data for stations 4 and 5 (Figures 7.5-3 

through 7.5-6) .  The highest peak in weight of fishes impinged 

occurred at station 5 in early April. A s  indicated in Table 

7.5-2, generating Unit 4 was not in operation from early March 

through the end of May and generating Unit 5 also was out of 

service in May. This accounts in part for the lower levels of 

impingement during that period (Figures 7 .5 -1  through 7.5-8) ,  as 

7-52 
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considered separately in Section 7.8.  Peak levels of inipinge

ment at station 1 occurred in October and November (Figures 

7.5-1  and 7.5-2) and for station 4 in November and early Decem

ber (Figures 7.5-3  and 7.5-4) .  Levels of impingement were some

what lower and variable during the summer and early fall months 

(Figures 7.5-7 and 7.5-8).  

Parametric correlation analysis was used in an attempt to 

determine possible statistical relationships between four physi

cal variables and the total number and weight of a l l  fishes 

impinged at all stations combined during corresponding periods 

of time. Weekly mean values for the entire 336-day period of 

the study (Tables 7.5-1 and 7.5-2 and Figures 7.5-9 and 7.5-10) 

were used for these analyses. The possible correlations consid
@ ered and the correlation coefficient determined for each were: 

Mean Total Number Mean t o t a l  Weight
of Fishes ImGinged of Fishes Impinged 

Mean Temperature -0.097 -0.227 

Mean Salinity -0 -002 -0.190 

Mean Ocean Wave 0.136 0.141 
Height 

Mean Cloud Cover 0.097 -0.085 

None of these correlations was significant (p values >0 .05 ) ,  as 

reflected also by the very low correlation coefficient values. 

Comparison of the impingement plots (Figures 7.5-1  through 

7.5-8) with those for the physical data (Figures 7.5-9 and 

7.5-10) tends to confirm that there were no evident relationships 
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between these four physical  var iab les  and the mean number o r  

weight of f i shes  impinged. 

These r e s u l t s  are not  surpr i s ing ,  because t h e  impingement 

da ta  a r e  q u i t e  va r i ab le  and it  a l so  i s  very l i k e l y  t h a t  impinge

m e n t  i s  influenced by a combination of f a c t o r s ,  r a t h e r  than one 

o r  two i n  i s o l a t i o n .  For example, it might be argued t h a t  

impingement was highest  i n  the  l a t e  f a l l ,  winter  and e a r l y  

spr ing ,  when water temperatures were lowest (Figures 7.5-1 

through 7.5-8).  Y e t  t h i s  a l s o  was the period of increased cloud 

cover,  storm condi t ions,  i n t e rmi t t en t ly  reduced s a l i n i t y ,  and 

dredging i n  Agua Hedionda Lagoon. 

A s  a means of evaluat ing the  e f f e c t s  of storm conditions on 

impingement, Mann-Whitney U tests were applied t o  da ta  f o r  t o t a l  

number and t o t a l  weight of impinged f i s h e s ,  shown i n  Table 7.5-3. 

Five d i s t i n c t  i n t e r v a l s  of storm conditions during t h e  period 

February 20-May 1 2 ,  1979 w e r e  s e l ec t ed ,  using the  phys ica l  data 

noted i n  Table 7.5-3 as  a guide.  These f i v e  periods w e r e  char

ac te r ized  by wind speeds ->12 mph (16 kph), r a i n f a l l ,  sa l in i t ies  

-	~ 2 9 . 9p p t  i n  t he  lagoon, and, i n  four of the  f ive cases, by 

ocean wave heights  g rea t e r  than 4 f t  ( 1 . 2  m). 

All data  f o r  a period of 4 t o  7 days before the  storm began 

were compared w i t h  a l l  data  from the  same number of days after 

t h e  onset of t h e  storm. For example, i n  evaluat ing effects of 

t h e  s to rm t h a t  began on February 20 ,  1979,  data  f o r  t he  fou r  

days preceding t h a t  da te  w e r e  compared with those for t he  four-

day period s t a r t i n g  February 20. Values from each 12-hr sampling 
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interval for total number and total weight of a l l  fishes im

pinged were analyzed separately by station. 

The Mann-Whitney U tests evaluated the null hypothesis that 

there was no difference in levels of impingement between the tw:, 

consecutive time periods, against the one-way alternative hypoth

esis that the level of impingement during storm conditions was 

significantly greater than that just preceding the storm. The 

results of these Mann-Whitney U test comparisons were as follows 

(SIG indicates a significant difference at the level of signifi

cance shown; NS indicates difference not significant): 

Station.1 Station 4 Station 5 
Inclusive Dates Number Weight Number Weight Number Weight 

2/16 - 2/24 SIC SIC 
(p.: .lo) (p< .05) 

SIG SIG 
(p< .05) (pc. .05) 

S I G  S I G  
(p< .05) (p.: .O5) 

318 - 3/22 SIG NS 
(1% . l o )  

Unit O f f  NS S I G  
(p< .O5) 

3 / 2 3  - 3/30 NS NS Unit O f f  NS NS 

415 - 4 / 1 3  SIG SI G  Unit O f f  SIG NS 
(p' .OS) (p< .05) (F.OS> 

5 1 3  - .  5/12 sIC sI(: Unit O f f  
(p' . 0 5 )  (p' .lo) 

Unit Off 


T h e  results show t ha t  in 13 of the 20 comarisons, the total 

number or weight of fishes impinged was significantly greater 

following the onset of storm conditions and reduced salinity thas 

during the period just preceding the storm. In some of the 

remaining seven cases that did not show a statistically signifi

cant difference, there also was a tendency for the numbers and 

weights of fishes impinged to be higher following the onset of a 

storm than just before it (Table 7.5-3). This evidence indicates 

that the combination of conditions associated with storms duringa 
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the winter and spring months often causes a significant increase 


in the number and biomass of fishes impinged at the traveling 


screens of the Encina Power Plant. 


During the period February 20-April 25, 1979, maintenance 


dredging was done by SDG&E to remove accumulated sediment from 


the outer portion of Agua Hedionda Lagoon. The dredge was 


operated six days per week (Monday through Saturday) during this 

entire period. There was considerable disturbance .of the sedi

ment and turbidity levels were relatively high in the outer . 

lagoon. 


A s  indicated in Table 7.5-1 and Figures 7 . 5 - 1  through 7.5-8, 

the highest total numbers and weights of fishes for the 336-day 

period of the study were impinged at stations 4 and 5 during the 

week of February 18-24,  and primarily after February 20 (Table 

7.5-3). There also was a less pronounced but evident increase in 

the level of impingement at station 1 after dredging commenced. 

This apparent effect of dredging was evaluated further by 

using a Mann-Whitney U test to compare weekly mean values for 

total number and weight of fishes impinged (Table 7.5-1) for the 

period February 18-April 28 with those for the succeeding period 

of April 29-June 2 3 .  The data for all traveling screen stations 

combined were used. The Mann-Whitney U test evaluated the null 

hypothesis that there was no difference in mean weekly levels of 

impingement during and following the dredging operations, against 

the one-way alternative hypothesis that mean weekly levels of 

impingement were significantly greater during the dredging 
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e operations than following them. The results of these statisti

cal comparisons indicate that there was no significant differ

ence (p>0,05)in mean number of fishes impinged during and after 

the dredging operations,while the mean weight of fishes was 

significantly greater (p<O- 0 5 )  during dredging than following 

it. 

In combination, the evidence described above indicates that 


dredging operations did have a significant effect in increasing 


the impingement of fishes. The same was true for motile inver


tebrate species inhabiting the unconsolidated sediment bottom of 


outer Agua Hedionda Lagoon. During the period of dredging sev


eral of these specfes, including particularly the crabs Portunus 

xantusi and Cancer spp. and the black spotted shrimp Crangon 

nigromaculata, were very abundant in the impingement samples. 

Unfortunately, the period of dredging overlapped that of 


. 	 storm conditions during the winter and early spring. Because of 

this, it is difficult to separate the effects of these two con

founding variables in evaluating the data. 

Shown in Table 7.5-4 are the mean numbers of individuals of 

each critical species impinged per 24-hr sampling interval within 

each week during the period February 4 ,  1979-January 4 ,  1980. 

Corresponding mean weight data f o r  these species are summarized 

in Table 7.5-5. The overall mean numbers and weights of each 


critical species impinged per 24-hr interval for the 336-day 

sampling period as a whole, based on that data in Tables 7 . 5 - 4  

and 7.5-5,are.given in Table 7.5-6.  All of these values area 
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-- 

averages based on data from the three traveling screen stations, 


not totals for all stations combined. 


As indicated in Table 7 . 5 - 6 ,  the queenfish (Seriphus 

politus) had the highest overall mean number of individuals 


impinged ( 2 0 . 5  per 24 hr). It had the third highest mean level 

of impingement by weight ( 1 4 2 . 2  g or 0.31 lb per 2 4  hr). The 

round stingray (Urolophus halleri) had the highest mean level of 


impingement by weight (200 .6  g or 0.44  lb per 24 hr). The deep-

body anchovy (Anchoa compressa) and the topsmelt (Atherinops 


affinis) were second and third in number of individuals impinged 


with 1 2 . 8  and 1 2 . 0  per 24 hr, respectively. Topsmelt had the 

second highest mean level of impingement by weight ( 1 5 5 . 3  g or 

0 . 3 4  l b  per 24 hr), while decpbody anchovy was fourth with 

106.6 g ( 0 . 2 4  lb) per 2 4  hr. The California grunion (Leuresthes 

tenuis) was fourth in mean number of individuals impinged per 


24-hr interval (10.2) and sixth in mean weight (65.9 g or 0 .15  

l b ) .  

The weekly means for number and weight of individuals 


impinged shown in Tables 7 . 5 - 4  and 7 . 5 - 5 ,  respectively,provide 

detailed information about short-term and seasonal variations in 


impingement of the critical species. Impingement of queenfish 


was continuous throughout the year. Highest mean numbers of 

individuals were impinged during the period mid-June through 


e a r l y  September, when ambient water temperatures were highest 

(Figure 7 . 5 - 9 ) .  and again in November. Lowest mean numbers of 

e queenfish were impinged during the period March-May, during a 
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peri.od of relatively low water Lemperatures. However, the 

largest mean weight of individuals impinged was during the week 

of February 18 (1101.3 g or 2 . 4  lb per 2 4  hr). Impingement of 

round stingray also was continuous and variable throughout the 

year (Tables 7 . 5 - 4  and 7.5-5). The largest mean number (13.5) 

and weight ( 1 0 7 6 . 9  g or 2 . 4  lb) of individuals were impinged 

during the week of February 4 ,  when water temperatures were low. 

The lowest mean numbers (0.1 to 0 . 4  individuals per 24 hr) were 

impinged during the period July-September,when ambient water 

temperatures were highest. 

The highest mean numbers of deepbody anchovy ( 1 0 0 . 5  to 1 6 0 . 7  

per 2 4  hr) were impinged in February, and the lowest mean numbers 

( 0 . 4  per 24 hr) from mid-April through May (Table 7 . 5 - 4 ) .  The 

largest mean weight of individuals (1744 .6  g or 3 . 9  lb per 2 4  hr) 

a l s o  was impinged in February (Table 7 . 5 - 5 ) .  ’ Topsmelt also -
showed very definite peaks in mean number impinged ( 1 0 0 . 5  to 

1 3 6 . 4  per 24 hr) during February, generally lower numbers 

throughout most of the rest of the year, and lowest mean numbers 

impinged during April and May. Mean weights of topsmelt showed 

a similar pattern. 

Impingement of California grunion was relatively continuous 

throughout the year, with increasing numbers during September and 

October and a peak in mean number impinged during November ( 1 3 4 . 7  

per 24 hr). Lowest mean numbers were impinged during the period 

February through June (Table 7 . 5 - 4 ) .  In general, mean weights 
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of this species showed a similar pattern (Table 7 . 5 - 5 ) .  The 

northern anchovy (Engraulis mordax) also occurred in the impinge

ment samples almost continuously throughout the year, with lowest 

mean numbers during the period September through early June. 

This was followed by variable but  increasing mean numbers during 

June and July, with a peak of 126.2 per 2 4  hr in August. Mean 

weights of northern anchovy impinged showed a similar pattern. 

Shiner surfperch had relatively high levels of impingement 

from late May through late July, with lower, variable levels 

t:hroughout the rest of the year. However, the largest mean 

weight of shiner surfperch was impinged in February.(1101.3 g or 

2 . 4  lb per 2 4  hr). Both the walleye surfperch (Hyperprosopon 

argentem) and the white surfperch (Phanerodon furcatus) had the 

largest mean numbers of individuals impinged in May, relatively 

large mean numbers during the early summer months, and much 

lower numbers during the remainder of the year (Table 7 . 5 - 4 ) .  

The California halibut (Paralichthys californicus) had the 

highest levels of impingement, in terms of both mean number and 

weight, during February (11.3 individuals per 24 hr; 971.2 g or 

2.1 lb per 24 hr). Its levels of impingement were lower through

out the remainder of the year. Most of these individuals were 


small to large juveniles and small adults. 


The short-term and seasonal patterns of impingement for most 

of the remaining critical species are much less clear (Tables 

7 . 5 - 4  and 7.5-5). This is due in part to the fact that rela

tively few individuals were taken in the impingement samples.
Q 
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None of these remaining species showed distinct short-term or 


seasonal patterns of impingement. 
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' 7 . 6  	DAY VS NIGHT VARIATION 

It  is  evident from examining the de t a i l ed  data  i n  Table 

7 . 5 - 3  t h a t ,  i n  general ,  t o t a l  numbers.and weights of f i s h e s  i m 

pinged seemed t o  be higher during the  predominantly n ight  time 

sampling period (1900 t o  0700 h r )  than during the ,preceding  

daytime period (0700 t o  1900 h r ) .  This w a s  t e s t ed  by applying 

a series of Wilcoxon paired-sample tests t o  t h e  da t a  f o r  a l l  

t h r e e  t rave l ing  screen s t a t i o n s  combined. These data  f o r  num

bers  of individuals  a r e  shown i n  Table 7.6-1. 

Separate tests were used t o  evaluate da ta  f o r  each week of 

sampling and f o r  t o t a l  number and t o t a l  weight of a l l  f i s h e s  

impinged. The data  f o r  t h e  12-hr day and night  periods of each 

d a t e  (Tables 7.5-3 and 7.6-1) w e r e  t r ea t ed  as p a i r s .  The W i l 

coxon paired-sample tes ts  evaluated t h e  n u l l  hypothesis t h a te 
t he re  was no difference i n  levels of impingement between t h e  12

h r  day and night  per iods,  aga ins t  the  one-way alternative hypo

t h e s i s  t h a t  l eve ls  of impingement w e r e  s i g n i f i c a n t l y  higher a t  

n igh t  than during the day. 

The r e s u l t s  of these tests f o r  t o t a l  number of f i s h e s  ind i 

cated t h a t  during 47 of t h e  48 weeks considered, impingement w a s  

s i g n i f i c a n t l y  g rea t e r  (p<0.05) at night  than during t h e  day. 

S imi la r ly ,  the  r e s u l t s  f o r  t o t a l  weight of f i shes  indicated t h a t  

during 44 of the  48 weeks considered, impingement a l s o  was  

s i g n i f i c a n t l y  g r e a t e r  (p<0.05) a t  n igh t  than during the  day. 

The re la t ionships  described above are very s t r i k i n g l y  

evident i n  t h e  comparative p l o t s  for numbers of individualsa 
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TABLE 7 .6-1 

WEEKLY MEAN TOTAL NUMBER OF F I S H  I M P I N G E D  PER 12-HR DAY AND 

N I G H T  SAMPLING INTERVAL AT E N C I N A  POWER PLANT DURING THE 
PERIOD FEBRUARY 4 ,  1979 - JANUARY 4 ,  1980 
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e shown i n  Figure 7 .6-1 .  All of t h i s  evidence ind ica tes  c l e a r l y  

t h a t  the  t o t a l  number or weight of f i shes  impinged during the  

period 1900 t o  0700 h r  was usual ly  g rea t e r  than t h a t  impinged 

during t h e  preceding daylight period of 0700 t o  1900 h r .  There 

a r e  severa l  possible explanations f o r  t h i s .  Many f i s h e s  tend t o  

be more quiescent during darkness.  Visual cues used i n  swimming 

and avoidance behavior a l s o  would be reduced at t h a t  t i m e .  Be

cause of t h i s ,  some f i s h e s  may be more suscept ible  t o  being 

transported in to  the  cooling water system during periods of 

darkness.  Another possible  explanation i s  t h a t  some f i s h e s  may. 

move i n t o  the  area near the  Power Plant during the  n ight  t o  feed, 

o r  t o  seek s h e l t e r .  Some or a l l  of these processes may be a c t i n g  

0 i n  combination t o  produce the  e f f e c t s  observed. 
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7 . 7  VARIATION I N  RELATION TO TIDAL CONDITIONS 

S t a t i s t i c a l  evaluations were done t o  consider t h e  poss ib le  

e f f e c t s  of spr ing and neap t i d e  conditions on levels of impinge

ment f o r  f i s h e s .  During minimum o r  neap t i d e  per iods ,  the  o s c i l 

l a t i o n  of w a t e r  above and below mean sea level i s  more compressed . 

than during extreme o r  spr ing  t i d a l  per iods,  when high t i d e  

l eve l s  a r e  lower and the  low t i d e  levels higher .  The presumption 

was t h a t  these d i f fe rences  i n  t i d a l  range might lead  t o  d i f fe ren

ces  i n  l eve l s  of impingement. 

A s e r i e s  of Mann-Whitney U tes ts  was appl ied t o  data f o r  

t o t a l  number and weight of a l l  f i s h e s  impinged (Tables 7.5-3 and 

7.6-1) during t h e  spr ing and neap t i d e  periods of each monthly 

s e r i e s  of moon phases,  using standard t i d e  and moon phase t a b l e s  

as a bas i s  f o r  c l a s s i f i c a t i o n .  Data from a l l  t h r e e  t rave l ing  

screen s t a t i o n s  combined w e r e  used i n  these t es t s .  

The Mann-Whitney U tests evaluated t h e  n u l l  hypothesis t h a t  

t he re  was no d i f fe rence  i n  l eve l s  of impingement between spr ing 

and neap t i d e  conditions during a given s e r i e s  of moon phases,  

aga ins t  the  a l t e r n a t i v e  hypothesis t h a t  t he re  was a s i g n i f i c a n t  

d i f fe rence  between them. 

J 

The r e s u l t s  i nd ica t e  t h a t  i n  only one of 46 tes t  comparisons 

f o r  number of f i s h e s  and i n  only two of 46 comparisons f o r  weight 

of f i s h e s  w e r e  t h e  d i f fe rences  s i g n i f i c a n t l y  d i f f e r e n t  between 

spr ing and neap t i d e  periods ( ~ ~ 0 . 0 5 ) .All of t h e  remaining 

comparisons show no s i g n i f i c a n t  d i f fe rences  (p<O,05) i n  levels 

of impingement. 
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This evidence suggests t h a t  t i d a l  condi t ions,  as  considered 

i n  t h i s  evaluat ion,  had no evident e f f e c t s  on t h e  t o t a l  number 

o r  weight of f i shes  impinged. No attempt was made t o  evaluate 

e f f e c t s  of incoming and outgoing t i d a l  flow on levels of impinge

ment. This more de ta i led  evaluation was no t  possible  because 

both conditions of t i d a l  flow occurred wi th in  a given 12-hr 

sampling i n t e r v a l .  
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7.8 	 RELATIONSHIP OF IMPINGEMENT TO FLOW RATES IN THE COOLING 

WATER SYSTEM 

As described i n  Section 3 .0  and Appendix Section 1 6 . 2 . 3  of 

t h i s  r e p o r t ,  flow r a t e s  of seawater i n t o  the  cooling w a t e r  system 

of t h e  Encina Power P lan t  and wi th in  d i f f e r e n t  p a r t s  of t h e  sys

t e m  vary,  depending on the  number of c i r c u l a t i n g  pumps and gener

ating u n i t s  i n  operat ion.  An attempt w a s  made t o  evaluate  the  

r e l a t ionsh ip  between l e v e l s  of impingement f o r  f i s h e s  and d i f 

f e r e n t  conditions of flow rate  t h a t  occurred during t h e  48-week 

period of the  study. This w a s  done by analyzing da ta  for each 

t r ave l ing  screen s t a t i o n  separa te ly  and f o r  a l l  s t a t i o n s  com

bined. 

The basic  b io logica l  da ta  on which these  evaluat ions w e r e  

based, t o t a l  number and weight of a l l  f i s h e s  impinged, a r e  

given i n  Tables 7.5-1 and 7.5-3. Mean flow rates of water moving 

p a s t  t he  th ree  t r ave l ing  screen s t a t i o n s  associated with genera

t i n g  Units 1-3, 4 ,  and 5 and mean t o t a l  flow rates of w a t e r  f o r  

all generating u n i t s  combined a re  shown i n  Table 7.5-2 f o r  each 

weekly i n t e r v a l  during t h e  period February 4 ,  1979 t o  January 4 ,  

1980.  The methods of determining flow r a t e s  are described i n  

Appendix Section 1 6 . 2 . 3 .  

Plo t s  of these  weekly mean flow rate  data  a r e  shown together  

i n  Figure 7.8-1 f o r  comparison. The long period during March -
J u l y  when Unit 4 w a s  out of s e r v i c e  o r  operat ing a t  a low level 

of flow, and t h e  period during May when Unit 5 w a s  out  of ser

vice,  a re  r e f l e c t e d  i n  t h e  plots. Variat ions i n  flow a t  each 
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e t rave l ing  screen s t a t i o n  and f o r  the 'cool ing  water system as a 

whole a l s o  are evident.  

Weekly mean data  f o r  t o t a l  numbers of f i s h e s  impinged a t  

s t a t i o n s  1, 4 ,  and 5 a r e  shown i n  Figures 7.8-2,, 7 . 8 - 3 ,  and 

7 . 8 - 4 ,  respec t ive ly .  A l s o  shown i n  these f igu res  are the  cor

responding p l o t s  of weekly mean flow rates. P lo ts  of mean t o t a l  

numbers of a l l  f i shes  impinged a t  t h e  th ree  s t a t i o n s  combined and 

the  combined flow r a t e  f o r  a l l  generating u n i t s  are shown i n  

Figure 7 . 8 - 5 .  

Parametric co r re l a t ion  analysis  w a s  used i n  an attempt t o  

determine poss ib le  s t a t i s t i c a l  re la t ionships  between flow rates 

of t h e  cooling w a t e r  and the  t o t a l  number and weight of a l l  

fi.shes impinged during corresponding periods of t i m e .  Weekly 

mean values for the  e n t i r e  48-week period of t h e  study (Figures 

7 . 8 - 2  through 7 . 8 - 5 )  were employed i n  these analyses.  

The poss ib le  cor re la t ions  considered and t h e  co r re l a t ion  

coe f f i c i en t  determined f o r  each were 

s ign i f i can t  co r re l a t ion  a t  the level 

Stat ion  S ta t ion  4 
Flow Rate Number Weight Number Weight
For : of Fishes  of Fishes of Fishes  of Fishes  

A l l  Units 
Combined 0.181 0.138 0 .392  0.332

SIG SIC 
(p<.05) (pc .OS) 

Units 1-3 0.047 0.168 

U n i t  4 0.428 0 . 3 4 9  
SZG SIC 

(p'.QS) (p.:.OS) 

Unit 5 

a s  follows (SIG ind ica tes  

shown) : 

S t a t i o n  5 All Stat ions  Combined 
Number Weight. Number Weight

of Fishes  of Fishes  of Fishes_ of Fishes  

0.140 -0.012 0.315 0.156
SIG 

(P<. 0 5 )  

0 .204 0 . P 7 b  
s 1c 

(pc . O S  
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These r e s u l t s  ind ica te  tha t  there  were s t a t i s t i c a l l y  s i g n i f i c a n t  

p o s i t i v e  cor re la t ions  between t o t a l  flow r a t e  f o r  a l l  u n i t s  com

bined and both t o t a l  number and weight of a l l  f i s h e s  impinged 

a t  s t a t i o n  4 .  There a l so  were s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  

between the  flow r a t e  of water passing t o  generating Unit 4 and 

the  t o t a l  number and weight of f i s h e s  impinged a t  s t a t i o n  4 .  The 

flow r a t e  f o r  a l l  u n i t s  combined showed a s i g n i f i c a n t  p o s i t i v e  

c o r r e l a t i o n  with t o t a l  number of f i s h e s  impinged a t  a l l  t r ave l ing  

screen s t a t i o n s  combined, but not with t o t a l  weight of these  

f i s h e s .  The flow r a t e  of water t o  generating Unit 5 showed a 

s i g n i f i c a n t  pos i t i ve  c o r r e l a t i o n  with t o t a l  weight of f i s h e s  

impinged a t  s t a t i o n  5 ,  but not with the t o t a l  number of f i s h e s .  

These co r re l a t ion  analyses suggest t h a t ,  i n  general ,  

levels of impingement increased i n  r e l a t i o n  t o  increasing flow 

rates of t he  cooling water.  E f f e c t s  of o the r  f a c t o r s  and random 

v a r i a b i l i t y  probably tended t o  mask o r  a l t e r  t h i s  r e l a t i o n s h i p  

i n  some cases .  This appears t o  be the  case f o r  l e v e l s  of i m 

pingement a t  s t a t i o n  1, as  shown i n  Figure 7.8-2. Despite t h e  

f a c t  t h a t  t he  f l o w  r a t e  of w a t e r  p a s t  t h e  t r ave l ing  screens a t  

t h i s  s t a t i o n  was r e l a t i v e l y  cons t an t ,  l e v e l s  of impingement 

var ied  widely. 

I t  i s  i n t e r e s t i n g  t o  note  t h a t  during March, A p r i l ,  and 

e a r l y  May, when generating Unit 4 was not  operat ing and t o t a l  

flow r a t e s  i n t o  the  cooling w a t e r  system of the  Power P lan t  w e r e  

reduced from approximately 500,000 gpm t o  350,000 gpm (Figure 

7.8-1, Table 7.5-Z), impingement a t  s t a t i o n s  1 and 5 declined and 
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e general ly  tended t o  remain a t  l o w  levels (Figures 7 .8-2  and 

7 . 8 - 4 ,  Table 7 .5 -1 ) .  While by no means conclusive,  t h i s  evidence 

suggests t h a t  such a reduction i n  flow r a t e  of water enter ing the  

Power Plant from the  lagoon tended t o  reduce impingement a t  

s t a t i o n s  1 and 5 ,  despi te  the f a c t  t h a t  flow rates a t  t he  t r a 

ve l ing  screens f o r  generating Units 1-3  and 5 remained r e l a t i v e l y  

constant during t h e  e n t i r e  period (Figure 7 . 8 - 1 ,  Tab le  7 . 5 - 2 ) .  
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7 . 9  BODY CONDITION AND S I Z E  DISTRIBUTIONS OF FISHES I M P I N G E D  

The degree of decomposition and t h e  degree of physical  

damage found during examination of a l l  of the  impinged f i s h e s  

w e r e  character ized on grading sca l e s  of 1 t o  4 ,  as shown i n  Table 

7 .9 -1 .  The mean values of these two est imates  of body condition 

are shown i n  Table 7 .9 -2  f o r  t h e  1 9  c r i t i c a l l y  t r ea t ed  species .  

Separate mean values a r e  shown f o r  each t r ave l ing  screen s t a t i o n  

and f o r  a l l  s t a t i o n s  combined. These means are based on a l l  data  

obtained during t h e  48-week period of t h e  study. 

In  genera l ,  there  w a s  l i t t l e  decomposition of t he  f i s h e s  

impinged a t  t he  th ree  t r ave l ing  screen s t a t i o n s .  Almost all of 

the  c r i t i c a l  species were assigned decomposition codes of 1 o r  

2 .  A l s o ,  i n  m o s t  cases the re  w a s  r e l a t i v e l y  l i t t l e  physical 

damage t o  t h e  f i s h .  Together, these da t a  ind ica t e  t h a t  most of 

t h e  f i s h e s  impinged probably were a l ive  a t  t he  t i m e  they reached 

the t r ave l ing  screens and passed i n t o  t h e  c o l l e c t o r  baske ts .  

Direct observation of the  f i s h e s  i n  t h e  sampling n e t s  confirmed 

t h i s  f a c t .  A majori ty  of those t h a t  had entered sampling ne t s  

and t r a s h  c o l l e c t o r s  recent ly  appeared t o  be a l ive and i n  r e l a 

t i v e l y  good condi t ion.  Much of t h e  observed decomposition prob

ably occurred while t he  f i s h  were held i n  t h e  sampling ne t s  over 

periods of severa l  hours.  On many occasions when the  t r ave l ing  

screens had been operated shor t ly  before  the  sampling net w a s  

removed, most of t he  f i s h  w e r e  s t i l l  a l ive i n  t h e  ne t  a t  the  

time t h e  samples were co l l ec t ed .  Routinely,  these  l ive  f i s h e s  

were placed i n  holding tanks a t  t h e  Encina laboratory and w e r e  
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e re leased a f t e r  being processed a s  p a r t  of t he  sample. These 

individuals  appeared t o  be i n  good condition when re leased .  

There was a t  least one exception t o  the  genera l iza t ion  

described above. For periods of up t o  several days after tunnel 

r ec i r cu la t ion  (heat t reatment) ,  t h e  impinged f i s h e s  w e r e  no t ice

ably more decomposed than a t  o the r  t i m e s  during t h e  year .  One 

c r i t i c a l  species ,  t h e  spotted sand bass (Paralabrax maculato

f a s c i a t u s ) ,  was impinged i n  s ign i f i can t  numbers only after per

iods of tunnel r ec i r cu la t ion ,  and thus the  mean values given i n  

Table 7.9-2 f o r  decomposition of t h i s  species are much higher 

than f o r  other  species .  To some extent t h i s  also appeared t o  

be t r u e  f o r  t he  barred sand bass (Paralabrax n e b u l i f e r ) ,  a t  l eas t  

a t  screenwelf s t a t i o n  5.a 
The ove ra l l  average decomposition and damage codes f o r  t h e  

19 c r i t i ca l  species a t  the t h r e e  s t a t i o n s  w e r e :  

Mean 
Sta t ion  Decomposition Code 

1 1..25 

4 1 .24  

5 1.60 

Mean Physical 
Damage Code 

1 . 3 9  

1 . 4 2  

1 .84  

From these  overa l l  values i t  i s  apparent t h a t  screenwell  s t a t i o n s  

1 and 4 were approximately equal i n  the  amount of physical  damage 

experienced by impinged f i s h e s .  Damage a t  s t a t i o n  5 appeared t o  

be s l i g h t l y  more severe.  

Some d i f fe rences  i n  degree of physical  damage also w e r e  

observed among species .  There appeared t o  be a f a i r l y  d i r e c te 
7-81 




r e l a t ionsh ip  between the  amount of damage and t h e  f r a g i l i t y  o r  

d e l i c a t e  morphological c h a r a c t e r i s t i c s  of t h e  spec ies .  For 

example, a l l  three of t he  anchovy species  shown i n  Table 7 .9 -2  

-(Anchoa compressa, A .  del ica t i ss ima and Engraulis mordax) w e r e  

subject  t o  much more damage than t h e  two r e l a t i v e l y  more "firm

fleshed" a the r in id  species  (Atherinops a f f i n i s  and Leuresthes 

t enu i s ) .  S i m i l a r  co r re l a t ions  can be  seen f o r  the sciaenids  and 

o ther  groups. 

The da ta  a l s o  w e r e  examined f o r  poss ib le  r e l a t ionsh ips  i n  

s i z e  of f i s h e s  and physical damage t h a t  occurred during impinge

ment. S ize  da ta  f o r  t h e , c r i t i c a l  species  are summarized i n  

Table 7.9-3.  Disregarding t h e  fragi le ,anchovy spec ies ,  a general  

trend appears t o  be evident i n  which the  l a r g e r  species  of f i s h e s  0 seem t o  be s l i g h t l y  more damaged during impingement than smaller 

spec ies .  However, more extensive analyses of t h e  data would be 

required t o  v e r i f y  t h i s  r e l a t ionsh ip .  

From Table 7 . 9 - 3  i t  i s  evident t h a t  a considerable s i z e  

range of each species  was impinged. For example, individuals  of 

the  strong swimming s t r i p e d  mullet  (Mugil cephalus) varying from 

67 to  630 mm i n  t o t a l  length w e r e  impinged (mean = 303 m m ) .  This 

may ind ica t e  t h a t  t h e  impingement w a s  no t  necessa r i ly  a function 

of swimming speed, s t r eng th  o r  stamina. Once aga in ,  however, 

more de t a i l ed  ana lys i s  of t h e  da ta  would be required t o  v e r i f y  

t h i s  observation. The mean lengths of severa l  of t h e  impinged 

species  w e r e  represented i n  t h e  samples p r imar i ly  by smaller 

j uven i l e  s i ze s .  However, t h i s  could be a t t r i b u t e d  t o  t h e  na tu ra l  a 
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a t t r a c t i o n  of smaller f i s h e s  t o  bays and e s tua r i e s  such as Agua 0 
Hedionda Lagoon, r a t h e r  than a s e l e c t i v i t y  i n  the  s i z e  of f i s h e s  

impinged i n  the  cooling w a t e r  s y s t e m  of t h e  Encina Power Plant .  

7-84 




0 
7.10 SEX RATIOS AND REPRODUCTIVE CONDITION OF CRITICAL SPECIES 

Using the  methods described i n  Appendix B ,  Section 16.2.3,  

monthly samples of f i shes  w e r e  analyzed i n  d e t a i l  i n  an attempt 

t o  determine the  sex r a t i o s  and female reproductive condition 

f o r  the  19 c r i t i c a l l y  t r ea t ed  species. The dates f o r  which regu

lar 12-hr impingement samples were employed in  these analyses 

were : 

February 4 ,  1979 

March 6-8 and 11-14 

Apri l  9-12 and 15-17 

May 7-10 and 13-15 

June 13-16 

Ju ly  29-31 

August 27-30 

September 26 -27 

November 6-8 and 27-29 

December 3 1  

January 2 - 3 ,  1980 

Data obtained f o r  each t rave l ing  screen s t a t i o n  and f o r  a l l  the 

dates  indicated within a given month w e r e  pooled. The r e s u l t s  

of these analyses a r e  described i n  t h i s  subsection. 

The monthly analyses provided data  f o r  only 11 of the  19  

c r i t i c a l l y  t r e a t e d  species .  They are: 

Common N a m e  Species Name 

Queenfi s h  Seriphus po l i tu s  

Topsmelt Atherinops a f f i n i s  
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Northern anchovy 


Walleye surfperch 


California halibut 


Deepbody anchovy 


California grunion 


Shiner surfperch 


Slough anchovy 


Round stingray 


Salema 


Engraulis mordax 


Hyperprosopon argenteum 


Paralichthys californicus 

Anchoa compressa 

Leuresthes tenuis 

Cymatogaster = m a 

Anchoa delicatissima 

Urolophus halleri 


Xenistius californiensis 


Adults of the other eight critical species did not occur in the 


samples used. One additional species, the specklefin midshipman 


(Porichthys myriaster), also was included because the individ


uals impinged had unusual reproductive characteristics. 


Table 7.10-1gives the number of males and females of each 

species and the resulting sex ratio (M/F). These data are shown 

separately by month. Values also are given for all months com

bined. Not shown in Table 7.10-1 are the numbers of immature 

individuals for which the sex could not be determined. In gen

eral, approximately 70 to 80 percent of the individuals examined 
1 

in these samples were immature. As indicated in Table 7.10-1, 


the numbers of adult males and females of a species present in 


samples for a given month generally were small. Because of 


this, the sex ratio estimates for some species varied consider


ably from month to month. The data for round stingray and deep-


body anchovy illustrate the problem. Sex ratios estimated for 


round stingray varied from 0.18 to 1.67 and those for deepbody 
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e anchovy from 0.13 to 9.00  (Table 7.10-1). It appears very un

likely that these reflect true variations in sex ratio of the 


impinged individuals from month to month. Instead, it is more 


likely that the variations were due primarily to the small,tern1 


numbers of adult males and females taken in the samples. 


The data for all months combined show that deepbody anchoty 


and round stingray had sex ratios of 0.51 and 0.71, respectively. 


This ifidicates that, overall, the proportion of females impinged 


was greater than that of males. The same was true for slough 


anchovy,with an overall sex ratio of 0 .40 .  

Some species showed more consistency in their sex ratios. 

The specklefin midshipman occurred in samples only during June, 

July, and August. In both instances, however, the numbers of 

females were much greater than the numbers of males, with sex 

ratios of 0.20 and 0.40 (Table 7.10-1). The sex ratio for both 

months combined was 0.30. With one exception in each case, the 

same was true for California grunion (sex ratios of 0.12 to 0 .33)  

and topsmelt (sex ratios of 0.15 to 0.50). Sex ratios of these 

two species for all months combined were 0.23 and 0.37, respec

tively. California halibut were taken only in the samples f o r  

March. A s  indicated in Table 7.10-1, there were more malcs than 

females, giving a sex ratio of 3.00. Data for the remaining 

species were too limited to allow generalizations about their 

sex ratios (Table 7.10-1). Among the eight species for which 

adequate data were available, seven had overall sex ratios well 
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below 1.00,indicating that the number of adult females impinged 


was greater than the number of males. 


Table 7.10.-2 summarizes data concerning the reproductive 

condition of females for 11 critical species of fishes. No 

adult females of the remaining eight critical species occurred 

in the reproductive samples. Data also are included for speck

lefin midshipman. The reproductive condition codes shown in 

Table 7.10-2 are the following: 

Female Reproductive
Condition Code 

1 Immature 


2 Developing 

3 Ripe 

4 Spent 

Criteria 


Ovary small and completely

undeveloped 


Ovary small but with eggs

visible 


Ovary large with eggs visible; 

eggs can be expelled by 

pressure on body wall 


Ovary ragged in appearance 


Additional reproductive condition codes w e d  for 

embiotocid and elasmobranch fishes only: 

5 Carrying young fishes - early stages of 
development 

6 Carrying young fishes -	 late stages of 
development 

These codes were assigned to individual females by dissecting 

and examining the ovaries and by determining the presence of 

young in embiotocids (surfperches) and elasmobranchs (rays). 

A detailed description of these methods is provided in Appendix 

Section 16.2.3. The values in Table 7.10-2 are the percentages 
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TABLE 7.10-2 

PERCENTAGES OF FEMALES I N  DIFFERENT STAGES OF REPRODUCTIVE 

CONDITION SHOWN BY MONTH FOR THE P E R I O D  
FEBRUARY 1979 - JANUARY 1980 

ENCINA POWER PLANT 

MONTHLY R � P R O D U C T i V E  CONDITION FOR S E R I P H U S  POLJIUS 

REPRODUCTIVE CONDITiON CODE 


MONTHLY REPRODUCTIVF CONDITION FOR ATHkRJbiOPS A F F I Y J S  
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TABLE 7.10-2 (Continued) 

MONTHLY R k P R O D U C T I V E  C O N D I T I O N  F O R  L E U R F S T H E S  T F N U I S  

REPRODUCTIVE CONDITION CODE 

1 2 3 4 5 0 

WONTH Y r x x P x n _ _ _  ............................ 
0 4  3 0 0 0  0 6 7  033 0 0 0  000  .oii 
0 5  1 0 0 0  000 1.00 0 0 0  0 0 0  000 
0 6  2 0 0 0  0 0 0  1 0 0 0  0 0 0  0 0 0  0 0 0  
08  6 1.00 0 0 0  0 0 0  0 0 0  000 e 0 0  
0 9  1 7  011 . 2 Y  000  .ZY 0 0 0 .  0 0 0  
11  5 0 8 0  e 2 0  000  e 0 0  e 0 0  e 0 0  

____________--_---__-----------

MONTHLY R k P R O DUCTIVE C O N D I T I ’ I N  F O R  E N G R b U L  Is M O R D A X  

MONTHLY R E P R O D U C T I V E  C O N D I T I O N  F O R  CYMATOSASTkR A 6 C R E 6 A T A  
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TABLE 7.10-2 (Continued) 

MONTHLY R E P R O O U C T l V E  CONDIT  I O N  FOR HYPFRPROSOPOW AQetHsELJh . 
REPRODUCTIVE CONDITION CODE 


I 2 3 I 5 3 
HQNTH N % % YL % I6 A 

0 3  1 0 0 0  0 0 0  0 0 0  0 0 0  0 0 0  1 . 0 0  
01 5 .no  060 0 0 0  0 6 0  003 . 2 d  
05 
0 6  

5 
z 

.no 
0 5 0  

0 8 0  
0 0 0  

000  
. o o  

0 0 0  
0 5 0  

.00
* o o  

02 ii 
0 9 0  

NONTHLY R L P R O D U C T I V E  C O N O I T I O N  FOR ANCHOA D E L l C A T I S S I H A  
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TABLE 7.10-2 (Concluded) 

MONTHLY R E P R O D U C T i V E  C O N O I T I O N  FOR P A R A L I C H T h Y S  C A L I F O R N I C U S  

REPRODUCTIVE CONDITION CODE 

1 2 3 4 5 b 


N % % w S L ' 1 r 
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0 


of females in each of these different stages of reproductive 

condition, shown by month for the period February 1979 to 

January 1980. 

The data for queenfish show a clear pattern of reproductive 

development, despite the fact that the number of females exam

ined was relatively small. Only females with immature ovaries 

GT those with developing eggs in the ovaries were encountered in 


the  samples during the period from January to June. Females 

with developing and ripe ovaries occurred in the July samples, 

and a spent female was present in August. 

For deepbody anchovy, both ripe and spent females were 

taken only during the June collections (Table 7.10-2) .  Females 

with immature ovaries were present during January,'March,July 

through September, and November. Those with developing ovaries 

were noted during January, March, April, and June through 

August . 
For topsmelt only females with immature ovaries were en

countered in the August and November samples (Table 7.10-2).  

Only females with developing eggs occurred in January, and both 

developing and ripe females were encountered in the samples for 

February, March and April. For California grunion, only females 

with immature and developing ovaries occurred in samples during 

the period from August to November. Developing and ripe females 

were taken in April, and only ripe females were encountered in 

May and June. 
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Only females with immature or developing ovaries were taken 


in the monthly samples for both northern anchovy and slough 


anchovy. However, the numbers of individuals examined were very 


small (Table 7.10-2). 

. .  

The two species of surfperches, shiner surfperch and wall


eye surfperch, showed fairly distinct patterns of reproductive 


.activity. For shiner surfperch, only females with immature and 


developing ovaries were encountered in May and August. A ripe 


female occurred in June. Females carrying young were encoun


tered in March and April. Both spent females and those carrying 


young in advanced stages of development occurred in the April 


samples. Female walleye surfperch carrying young in advanced 


stages of development were encountered in March, April and May. 


Spent females also occurred in April and June. Females of the 


round stingray had only immature ovaries in all samples except 


those for September. The latter contained one female carrying 


young in an advanced stage of development. 


Only one immature female of California halibut was taken in 


the reproductive samples. Female giant kelpfish occurred only 


in the November samples. Females with both developing and ripe 


ovaries were present in this sample. Female specklefin midship


man occurred in impingement samples during June, July, and 


August. As indicated in Table 7.10-2,almost all of them (10 of 


12) had ripe ovaries. 


While these data are limited, they do indicate that for most 


of the 12 species considered, adult females in all stages of 
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reproductive development are impinged. Possible exceptions are 


northern anchovy, slough anchovy, round stingray, and California 


halibut. However, too few individuals of all these species 


except round stingray were taken in the samples to evaluate this 


question adequately. 


Relatively large numbers of female round stingray were 

taken (57). Yet the ovaries of all but  one of these were im

rmture. In the case of specklefin midshipman, on the other 

hand, 10 of the 12 adult females encountered were in ripe 

condition. 



-- 

7 . 1 1  IMPINGEMENT OF MARINE PLANTS 

In  terms of volume, t h e  l a r g e s t  component of b i o l o g i c a l  

ma te r i a l  normally encountered i n  impingement samples a t  the  

Encina Power P lan t  consis ted of marine a lgae  and g ras ses .  Most 

of . t h i s  w a s  large o r  small fragments of d e t r i t a l  p l a n t  ma te r i a l  

t h a t  had broken f r e e  from the  bottom and entered the  cooling 

water sys tem i n  f l o a t i n g  o r  d r i f t i n g  masses. 

The species  of vascular  p l an t s  (marine grasses)  and marine 

a lgae  encountered i n  impingement samples a t  s t a t i o n s  1, 4 ,  5 ,  and 

9 during the  study a r e  l i s t e d  i n  Table 7 .11-1 .  Seven species  

were represented i n  these samples. Fragments of o ther  spec ies  

may have been present i n  very small amounts, but  w e r e  no t  

i d e n t i f i e d .  

Very l a r g e  accumulations of marine p l an t  ma te r i a l  w e r e  5 m 

pinged and removed a t  t he  bar rack screening system ( s t a t i o n  9), 

shown i n  Figure 7 . 3 - 1 .  All seven species l i s t e d  i n  Table 7 . 1 1 - 1  

were taken i n  the  bar  rack samples. The rankings for t hese ,  

based on frequency of occurrence and estimated r e l a t i v e  volume, 

a r e  shown i n  Table 7.11-2. The t w o  highest  ranked spec ie s ,  e e l  

g rass  (Zostera marina) and g i a n t  kelp (Macrocystis p y r i f e r a ) ,  

had e s s e n t i a l l y  the  same frequency of occurrence a t  s t a t i o n  9 ,  

but t h e  volume of e e l  g rass  w a s  genera l ly  g r e a t e r  i n  most sam

p l e s .  Eel g ra s s  i s  a very common species  in.Agua Hedionda 

Lagoon, forming extensive beds i n  shallow w a t e r  as described i n  

Sect ion 6 . 0  of t h i s  r e p o r t .  S i m i l a r l y ,  g i an t  kelp i s  the  dom

inan t  l a rge  marine alga i n  shallow ocean a reas  near t h e  Power 
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TABLE 7 . 1 1 - 1  
SPECIES OF MARINE GRASSES AND ALGAE TAKEN I N  
IMPINGEMENT SAMPLES AT THE ENCINA POWER PLANT 
DURING THE PERIOD JANUARY 1979 - JANUARY 1980 

S c i e n t i f i c  Name 

Vascular plants
(marine grasses)  : 

Phy l lospad ix  t o r r e y i  

Zos t e ra  marina 

Algae : 

Codium f r a g i l e  

C y s t o s c i r a  s e t c h e l l i  

Egregia menzies.i.i 

Mzcrocystis p y r i f e r a  

Sargassum agardhianum 

Common Name 

Torrey 's  su r f  grass  

Eel gras s  

Codium 

Bladder chain 

Feather boa 

Giant kelp 

Sargassum 
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0 Plant .  Because of t h i s ,  t h e i r  l a rge  volumes i n  the  impingement 

samples a r e  not su rp r i s ing .  The fea ther  boa (Egregia menziesii)  

and sargassum (Sargassum agardhianum) a l s o  w e r e  r e l a t i v e l y  com-~on 

in samples a t  s t a t i o n  9 .  Most of t he  plant  mater ia l  impinged GX. 

the bar rack screening system consisted of r e l a t i v e l y  l a rge  

masses o r  fragments. 

A p l o t  showing v a r i a t i o n  i n  mean t o t a l  volume of material 

impinged a t  s t a t i o n  9 per  24-hr i n t e rva l  f o r  each month of t h e  

study appears i n  Figure 7.11-1.  Almost a l l  of t h i s  material 

consisted of marine p l a n t s .  Levels of impingement were highest  

i n  February and lowest i n  May and June. In  general ,  the  highest  

levels of impingement occurred following storms. The reason f o r  

t h i s  presumably i s  t h a t  storm waves and surge dis lodge and t rans

0 por t  l a rge  amounts of p l an t  mater ia l .  I n  l a t e  October, t h e  log  

boom a t  t h e  ocean entrance t o  Agua Hedionda Lagoon broke. 

t h i s  time, much l a r g e r  volumes of p lan t  mater ia l  w e r e  impinged 

After  

a t  the bar  rack system and a t  t he  t rave l ing  screens.  This 

increase i n  volume a t  s t a t i o n  9 i s  evident i n  Figure 7 .11-1 .  

A l l  seven p lan t  spec ies  l i s t e d  i n  Table 7 .11-1  a l s o  occur

red i n  the  samples a t  t r ave l ing  screen s t a t i o n s  1, 4 ,  and 5.  The 

rankings f o r  these spec ies ,  based on frequency of occurrence arrd 

estimated r e l a t i v e  volume i n  a l l  t r ave l ing  screen samples com

bined, a r e  shown i n  Table 7.11-3.  

A s  i n  t he  bar  rack samples ,  eel grass  and g i a n t  kelp had 

e s s e n t i a l l y  the  s a m e  t o t a l  frequency of occurrence,  bu t  the  vol

m e  of f i r s t - ranked  eel  g ra s s  was grea te r  i n  a majority of the a 
7-101 
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0 samples (Table 7 .11-3) .  Sargassum ranked t h i r d ,  f ea the r  boa w a s  

four th ,  Torrey's surf grass  w a s  f i f t h  and codium w a s  s i x t h  i n  

order of estimaced voiume. The seventh-rankeci brown a l g a ,  

biadder chain,  occurred much less frequent ly  i n  t r ave l ing  scree:i 

sanples and w a s  generally represented by much smaller volumes cf 

m t e r i a l  than f o r  the  other  species .  

A p l o t  showing mean t o t a l  weight of a l l  p lan t  material 

ixiipinged per 24-hr period f o r  each week of t h e  study i s  given i n  

Figure 7 .11 -2 .  The weekly mean values on which t h i s  p l o t  i s  

based a l so  a re  shown i n  Table 7 .11-4 .  These weekly mean values 

-cere determined from t h e  da ta  obtained during each day of sam

pl ing  a t  t he  th ree  t rave l ing  screen s t a t i o n s .  They represent  :ks 

average value f o r  t he  t h r e e  s t a t i o n s ,  r a the r  than t h e  t o t a l  f o r  

a l l  s t a t i o n s  combined. 

A s  indicated i n  Table 7.11-4, t h e  ove ra l l  mean value f o r  che 

48-week period was 51.45 kg (113 lb )  per day. Weekly mean values 

ranged from 20.57 kg (45 l b )  per day i n  mid-May t o  103.53 kg 

(228 l b )  per day i n  ea r ly  November (Figure 7.11-2; Table 7.11-4). 

A second peak of 9 3 . 8 3  kg (212 lb )  per day occurred i n  l a t e  J u x .  
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TABLE 7 .11 -4  a
WEEKLY PIEAN TOTAL WEIGHT OF ALL MARINE PLANT MATERIAL IMPINGED 

AT ENCINA POWER PLANT TRAVELING SCREEN STATIONS PER 24-HR 
INTERVAL DURING THE PERIOD FEBRUARY 4, 1 9 7 9  - JANUARY 4 ,  1980 

DATE
-
Feb. 4 
Feb. 11 
Feb. 18 
Feb. 25 
Mar. 4 
Mar. 11 
Mar. 18 
Mar. 25 
Apr. 1 
Apr. 8 
Apr. 15 
hpr. 22 
Apr. 29 
May 6 
May 13 
May 20 
May 27 
Jun .  3 
Jun .  10 
Juii. 1 7  
Jun .  24 
Jul . 1 
J u l .  8 
J u l .  15 
J u l .  2 2  
J u l .  29 
Aug. 5 
Aug. 12 
Aug. 19 
Aug. 26 
S e p t .  2 
S e p t .  9 
S e p t .  16 
S e p t .  23 
Sept. 30 
Oct. 7 
Oct. I 4  
Oct. 2 1  
O c t .  28 
Nov. 4 
Nov. 11 
Nov. 18 
Nov. -15 
nc.c. 2 
D P C .  9 
I)CC . 16 
1)rc . .? 3 
Der. 30 

48-UEUI EEAN 

MEAN WEIGHT (9 )  
WEEK PER 24 HRS-

1 	 44571.4 
49314.3 
56628.6 . 
45714.3 
44342.9 
46028.6 
30685.7 
40371.4 
32202.9 

10  41571.4 
11 34171.4 
12 56285.7 
13  34314.3 
14 23200 .O 
15 20571.4 
1.b 20914 - 3  
17 26657.1 
18 68914.3 
19 93828.6 
20 69771.4 
21 91828.6 
22 60342.9 
23 63200.0 
24 52314.3 
25 60542.9 
26 59228.6 
27 62000.0 
28 58085.7 
29 52066.7 
30 78514.3 
31 54114.3 
32 41657.1 
33 50571.4 
34 54057.1 
35 53950.0 
36 41028.6 
37 60085 .7 
38 41166.7 
39 43800.0 
40 103533.3 
41 58171.4 
42 46714.3 
43 40457.1 
44 60514.3 
45 59171.4 
46 51971.4 
47 45960.7 
48 43500.0 

51446 .O 
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7 . 1 2  TUNNEL RECIRCULATION 

Tunnel r ec i r cu la t ions  (thermal treatments) were performed 

a t  approximately six-week i n t e r v a l s  during the year t o  prevent 

foul ing (see Section 3.1.5.10 f o r  a descr ipt ion of procedures).  

Treatments w e r e  general ly  run on Saturday evenings during periods 

of lower power demand and during a high t i d e .  Temperatures ir, 

the channels were ra i sed  t o  about 41 C (105 F) and held f o r  

approximately 2 .5  hours. 


the  t i m e  required t o  bring the  temperature up t o  41 C can take 


Depending upon ambient temperature, 

up t o  two hours.  Cool down time t o  r e tu rn  t o  ambient can a l s o  

take a s imi la r  t i m e  span, so t h a t  t he  complete operation can take 

up t o  six hours.  

0500 o r  0600 hr  on Sunday morning. 

Generally the  treatment i s  completed by about 

During t h i s  operat ion,  

organisms in  residence i n  t h e  in take  channels between the  t r a s h  

rack and t r ave l ing  screens (Figure 7.3-1) are k i l l e d .  

Seven thermal treatments w e r e  conducted during 1979 

(February, Apr i l ,  June, Ju ly ,  September, October, and December). 

All organisms impinged during thermal treatments w e r e  co l l ec t ed  
-I_ 

and a rank order l i s t i n g  of a l l  species  w a s  compiled (Table 

7 .12 -1 ) .  A t o t a l  of 73 f i s h  and 34 inver tebra te  species w e r e  

obtained. Fourteen species occurred i n  t h e  thermal treatment 

sampling t h a t  were not  captured during da i ly  impingement sampling 

(Table 7 .12-2) .  Impingement samples coupled with thermal t r e a t 

ment and regular  lagoon n e t  co l l ec t ions  r e su l t ed  i n  a t o t a l  of 

96 d i f f e r e n t  f i s h  species  from Agua Hedionda Lagoon (Table 7.12

3) during t h e  year long study.0 
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--- --- --- - CO9RbN ----------- CAnGHT ------ ---- 

TABLE 7 .12 -1  
RANK ORDER OF THERMAL TREATMENT SPECIES CAPTURED FROM 
JANUARY THROUGH DECEMBER, 1979 AT ENCINA POWER PLANT 

S P I C I C S  NARC 

ANCROI CORPRESSA 
ATHIRIYOPS APFIMIS 
IINGRAULIS R O d b A X  
CIIIATOCASTIB A G C B E G I T A  
LEO RESTHES TEROIS 
HIPCRPAOSOPOM ARGEWTEUH 
SLPIPHUS POLITUS 
OBOLOPHUS HILLER1 
RETCROST ICHOS ROSTR ATUS 
ORDER DECAPODA 
CIRELLA NICRICINS 
P A R I L A B R A I  RAC~LATOFASCIATUS 
PIIANEBODON FURCATOS 
F A R I L A B R A X  CLITHRATOS 
PARALADRAI MEBULIFER 
ANCHOA Dl!L1CATISSIRA 
BR ACHY nR I N S  
PORICHTHIS MIRI ASTER 
PARALXCHTHIS CAI. I YnRNICllS 
PACBXGRIPSUS CRASSIPES 
WRDPIWA EORCA30R 
r i n I L r  ATHIRINIDAE 
R T P S n l l L V N I V S  JENKINS1  
RTPSOBLEIMIOS GILBERT1 
MTPSOPSCTTA G'JTTVLATA 
a n P M T s n c n o s  ARCEIITEOS 
IEIISTIOS CALIFORRICNSIS 
camcm ANTERWARIDS 
GGMIOICI IUS LIIEITOS 
LOLICO OPALCSCIS 

IRBIOTOCI J 1CKSOIII 

LCP%OCOtTOS AR3ATOS

InIsomtznos DAIIDSOMII 

OCTOP 0s 

SPHYRIEWA ABCLNPIA 

SQOIO (TEOTHOIDZA) 

DOROSOIII PITENENSE 

HTPSOBLENNIUS SP. 

IIILLOBITIS C A L I l O R R I C l  

CHEILOTRERA SATURNtIfl 

cnnonis P I N C T I P I N ~ I S  

D A R A L I C H f f 3 I S  I I C C I  

MENTICIRRHUS OYDOLATOS 

CANCEBIDAC 

CTRWORA l l A B l O R A T l  

SYYCNATHUS LIPTORHYNCHUS 

ATHERTWOPSIS CALIFOBNIENSIS 

FU#DIJLOS P I S V I P I Y M I S  


N A R E  

DEEPBODY INCHOVI 

T O P ~ H R L T  

NORTHERN ANCMOVY 

S H T N E R  SURFPERCH 

CALIFORNII  CRONIOW 

VALLEYE SURFPERCH 

QOEEMFISH 

EOFND ST?NGltAI 

C I L R T  KELPFISA 


OPALEYE 

SPOTTED S A N D  BASS 

YHITE SIIWFPBRCH 

KELP BASS 

BARRED SAND BASS 

SLOUGH INCHOVI 

CRABS 

SPLCKLBPIN RIDSHIPRAN 

CALI?OBNI A HA LIBAT 

SHORE CRAB 

YGLI.OYPIN CROAKER 


ROSSHL DLKRRT 

ROCKPOOL BEENIT 

DIAEOND TURBOT 

BIRRED SURFPERCH 

SALE91  

COIIRON ROCK CRAB 

P R I T G  CBOAXLR 

SQOID 

aLacK S~JR~PIRCH 
STAGHORN SCOLPIN 
S I R G O  

CALX FORI1A B A R  A ACnDa 
SOOID 
T B R E r D F r R  SHAD 

BAT 111 

BLACK CBOAKER 

BLACKSHITH 

P I L I  SOB?PGRCtl 

CALIFORMII COBBIWA 

ROCK CRABS 


wiianen 	 TOTAL 
WEIGHT------__R A N K  

23112 182179 1 
21788 166058 2 
19567 9398 1 3 
12326 275519 1 
9671 . 81708 5 
A305 522797 6 
3485 96320 7 
1685 108237 8 
1421 36212 9 
811 28577 10 
617 61921 11 
616 87360 12 
604 8609 13 
566 38505 10 
518 26720 15 
160 1405 16 
376 3178 17 
3u5 62191 i e  
129 52995 19 
323 2555 20 
306 7423 21 
208 31225 22 
277 2100 23 
2S9 923 20 
1 R 5  35897 25 
166 15916 26 
161 1389 21 
1110 396 28 
125 6084 29 
99 7106 30 
R9 Bull 31 
A2 2762 32 

79 5778 33 

76 5038 34 

75 126R 35 

68 609 36 

59 205 37 

58 535 38 

09 15806 39 

46 8R1 40 

36 2227 01 

32 5529 02 

29 e631 93 

28 22 UP 


CALIPORWIA BOTTER?LI 811 24 9998 15 
BAT P I P L P I S H  20 82 15 
JACKSRCLT 21 4279 46 
CALIFORMU K r L L I r x s w  21 95 Y6 

a 
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--- -- - ----- C O l l O B  ----------- CAOCHT ------ 

1 

TABLE 7.12-1 (Concluded) 

- --. 

S I K C I K S  N A R K  

US!IIOSILLA A28111 
POETONDS SP. 
PORTnNUS XAII7OSII 
? A  IILY ' PORTnNIDAK 
III I L Y  P I N  IC f  DIZ 
PKPIILIJS s r n I L L z I o s  
CT UOSCIOW NODI L I S  
IAJ IOAL 
llLDIALOYA CALIIORRILYSIS  
U ' I G I L  CKPHALOS 
ROYCA DOE ST EA ENS1 I 
RICBOWTRUS nxnInos 
PACBYGRAPSOS SP. 
PLATYQtlIROIOIS TRISKIIATA 
BRACHYISTIOS rREWATOS 
CALLIARASSA 
lYPSOBLZNNIUS GEHTILIS  
IUSTELOS C A L I I O B l I C U S  
DLNAEWS CALIFOINIKBSIS  
PAROLIRDS IITLRRDPTOS 
SCOBBZB J APON ICUS 
BYPSYPOPS RUBJCONOOS 
POGZTTIA PBODWCTOS 
PLEOROMXCBTHYS 111RSICALIS 
SARDA C H I L I C N S I S  
3QUALOS ACANTUIAS 
STRORGYLORA C X I L I S  
CAWCLR ANTROlTI 
CIBBOYSIA CLCGANS 
GYIYOTBnBAX IORDAI 
IDSTELUS RCYLBI 
U E l l D T t  A N  
O I I L C B I O S  PICTOS 
POCETTIA SO. 
TA L I  POS 
APLISIA SP. 
CANCER PRODUCTOS 
CAYCCB SP. 
CLIUOCOTYUS ABALIS 
GPYALTOS NUTALLII 
CIBBONSIA RET21 
CR A PSIDA t 
HA11CRDCRttr SCI'ICINCTIIS 
nx PPOLYTE CALI 10sIIKNSYs 
ICTlLORUS RLLAS 
IDOTKA IISGCATA 
Y A V L I A X  IWLRRIS 
OPHICRTROS ZOPEOCUIR 
O I ' l J O L I S  CALI  tbRWICA 
PARAIAN?BIAS TAlLOBI  
scon BERO I O R  us COIlCOLOR 
SCORPAGUA CUTTLTI 

S I  81STE S PA UC ISP I  I1S 

SEBASTCS RISTRGLLIGPR 

STPOHGILOCCUTBOT~SPIRPIRATOS 

SYRPRORUS ITRICAnDA 

TORPEDO CALIPORWICA 

TRACAUROS STI f lZTRICOS 

TRIBE CARIDCS 

CIPBIPGDIA 

KELP 

R YTILT DA E 


TOTAL 


B A R 1  

ZRBRAIIIRCU 
s w n t l x u c  CMD
swImInc CRAB
siinnxic CBAB 
e w u m  sunsw 
PAC I  ? I C  BnTT CRF ISR 

B n I S B  SXABASS 

KELP CRAB 

H A t C R 0 0 N  
STRIPCD IIILLLT 
SPOTCIB CROAKER 
D m A I C  SIR?PtRCt l  
SAORC CRAB 
TUOlYBACK 
KCLC SOR?PZIfCH 
CROST SHRIMP 
B l Y  B L C R I I  
O R A T  SlOOTAHOOBD 
PCNACID SBRIHP 
S P I l I  LOSSTER 
PACIrXC IACKKRCL 
G ARIBALDI 
UORTRIBB l C L P  CRAB 
RORITHLAD TURBO? 
P A C I I I C  BONITO 
S P I Y I  DOGIISH 
CAI.IIORNIA NItDLK?ISII 
AYTHOIYS ROCK CRAB 
SPOTTKD KCLPI ISH 
CALICOERIA R O Q I T  
BROWN SROOTHAOOWD 
RIBBON moans 
PAINTED GRKCYLIYC 
KELP CRIB 

KELP CRAB 

SKA H A I I C  

connow ROCK C R A B  


YOOLT SCWLPIW 

KELP CPAB 

STRIPBD K E L P I I S B  

SRDIC CBABS 

ROCK URASSC 

SHRIIP 

BLACK DDLLlLAE 

KGLP ISOPOD 

STDIPCD SEA SLOG 

YELLOW SNAKZ CllL 

SS!llORISA 

L n n p r  C R A B  

RONTKREY SPANISH IACKClKL 

s c a L e m  OR SPOTTED s c a u P I o w I s ~  

BOCICCIO 

GRASS POCKPISn 

PnRPLE VRCHII 

CAL I ?O R N I  A TONCW E? 158 

P A C I F I C  KLGCTBIC R A T  

JACK MACRCRCL 

CAnID SURIRP 

RARNLCLKS 


ASSOBTCD RUSSGLS 

-
UllIBdp 

21 778 16 
18 0 1 7  
18 10 17 
17 97 40 
15 38 09 
15 775 09 
13 833 50 
13 65 50 
10 150 5 1  
10 5593 51  
10 1188U 5 1  
8 no 52 
8 0 52  
8 3896 52 
7 362 5 3  
7 0 53 
7 22 53 
7 2198 53 
7 179 53 
6 1061 54  
6 BOB 54 
5 191 1 55 
5 0 55 
3 492 56 
3 1241 56 
3 4050 56 
3 510. 56 
2 0 57 
2 . 1 8  57 
2 11050 57 
2 1300 5 1  
2 0 57 
2 20 57 
2 0 57 
2 0 57 
1 0 58 
1 1 58 
1 3705 58 
1 20 58 I 

1 10 58 
1 
1 

5 
2 

58 
58 ' 

1 90 58 I 
1 
1 

0 
L8 

5 8 ,  
58 

1 12 58 '1 257 58 

1 1 58 ' 
1 20 58 
1 0 58 
1 25 58 
1 120 58 
1 2 l l  58 
1 670 58 
1 0 58 
1 25 58 
1 0280 58 
1 0 58 
1 0 58 
0 5120 59 
0 337811 59 
0 2U031 59 

110160 2612373 
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TABLE 7 .12-2  
FISH SPECIES COLLECTED DURING THERMAL TREATMENT 

THAT WERE NOT COLLECTED DURING DAILY IMPINGEMENT SAMPLES 
I N  1979 AT THE ENCINA POWER PLANT 

SCIENTIFIC NAME 

Chei1otrema sa t u r nurn 


Hypsobl e n n i u s  gentilis 


Scomber j a p o n i c u s  


P l  e u r o n i c h t h y s  v e r t i c a l i s  


Squalus a c a n t h i a s  


B i  ggons i  a el egans 


Mus tel u s  hen1ei 


O x y l e b i u s  p i c t u s  


C 1inocott u s  ana 1i s  


Hal ichoeres  s e m i c i n c t u s  


I c t a l u r u s  mclas 


0 x y . j u . l  .is cd1.ifornii'ci 


S c b a s  tcs p a u c i s p i ~ i i s  


Sebastes r a s  trell i g e r  


COMMON NAME 

Black croaker 

Bay blenny 

Pac i f i c  mackerel 

Homeyhead turbot  

Spiny dogfish 

Spotted k e l p f i s h  

Brown smoothhound 

Painted greenl ing 

Wooly scu lp in  

Rock wrasse 

Black bullhead 

Sefior it a  

Bocaccio 

Grass rockfish 
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TABLE 7.12-3 

FISH SPECIES CAPTURED IN AGUA HEDIONDA LAGOON (TRAWLS.
G I L L  NETS, SEINE, TRAVELING SCREENS, THERMAL TI&ATMENT)

SAMPLES AT THE ENCINA POWER PLAhT DURING 1979 

~ 

SCIENTIFIC NAME 

A11o c l i n u s  holderi 

Amphis t i c h u s  a r g e n t  e u s  

Anchoa compressa 

Anchoa d e l i c a t i s s i m a  

A n i  sotremus  d a vid sonii 

A t h e r i n o p s  a f f i n i s  

A t h e r i n o p s i s  c a l i f o r n i e n s i s  


B r a c h y i s t i u s  f r e n a  t u s  


Che i lo t rema  sa turnum 

Chromis punc  tip i  nnis 

C i  t h a r i c h t h y s  st i gmaeus  

C i  t h a r i c h t h y s  xan thos t igma  

C1inocott u s  anal  is 

C I  upea ha rengus  

Cyma t o g a ster aggrega t a  

Cymat o g a ster g r a c i  1is 

Cynoscion nobilis 

Cypse lurus  c a l i f o r n i c u s  


Damal ich thys  vacca 

Decapterus  hypddus  

Dorosoma petenense 


Embiotoca j a c k s o n i  

Engra u l  is m r d a x  


Fundulus p a r v i p i n n i s  


Genyonemus l i n e a t u s  

G i  bbonsia el egans  

Gibbons ia  m e t z i  

G i  1l i c ht h y s  m i r a b i  1is 

G i r e l l a  n i g r i c a n s  

Gobionellu s  l o n g i c a u d u s  

Gymnothorax mordax 

Gymnura marmora t a  


COMMON NAME 

Is land kelpf i s h  

Barred surfperch 

Deepbody anchovy

Slough anchovy

Sargo

Topsmelt 

Jacksmelt 


Kelp surfperch 


Black croaker 

Blacksmith 

Speckled sanddab 

Longf i n  sanddab 

Wooly scu lp in 

Pac i f i c  he r r ing 

Shiner surfperch 

Is land surfperch 

White seabass 

Cal i forn ia  f l y i n g  f i s h  


P i l e  surfperch 

Mexican shad 

Threadfin shad 


Black surfperch 

Northern anchovy 


Cal i forn ia  k i l l i f i s h  


White croaker 

Spotted ke lp f i sh 

Str iped  ke lp f i sh 

Longj aw mudsucker 

Opaleye

Longtain goby

Moray eel 

Cal i forn ia  b u t t e r f l y  ray 
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TABLE 7.12-3 (Continued) 

SCIENTIFIC NAME 

H a l i c h o r e r e s  s e m i c i n c t u s  

H e r n w s i l l a  azurea  

Heterodon tus  f r a n c i s c i  

H eterost i c h u s  r o s t r a  t u s  

Hyperprosopon argenteum 

Hyp s o b l  enni u s  gen  ti1i s  

Hypsob lenn ius  g i l b e r t i  

Hy p s o b l  enni u s  j enkinsi 

H y p s o p s e t  t a  g u t  t u l a t a  

Hypsypops rub icundus  


I c t a l u r u s  me las  

I1ypnus  g i l b e r t i  


L e p t o c o t t u s  armatus  

L e u r e s t h e s  t e n u i s  


Medialuna c a l i f o r n . i e n s i s  

Mentici r r h u s  undula tu s  

M i  c r o m e t r u s  minimus 

Mugi 1 cepha 1u s  

M u s t e l u s  c a l i f o r n i c u s  

M u s t e l u s  hen1ei 

My1i o b a t i s  c a l i f  ornica  


01ig o c o t  tu s  r u b e l  1i o  

Ophicht h u s  zophochi  r 

o x y j u l i s  c a l i f o r n i c a  

O x y l e b i u s  p i c t u s  


p a r a c l i h u s  r o s t r a t u s  

Para labrax  cl a t h r a  t u s  

Paralahrax  macula t o f a s c . i atiis 

Para labrax  n e h u l i f e r  

P a  ral ichthys c a l i f  ornic u s  

P e p r i l u s  s i m i l l i m u s  

Phanerodon � u r c a tu s  

Pla  t y rh ino id i s  t r i s e r i a t a  

P l e u r o n i c h t h y s  r i t ter i  

P1 eroni cht hys verte c a l  i s  

P o r i c h t h y s  n o t a t u s  

Porich t h y s  m y r i a s  ter 


COMMON NAME 

Rock wrasse 

Zebra perch

Horn shark 

Giant kelpf i s h  

Walleye surfperch 

Bay blenny

Rockpool blenny

Mussel blenny

Diamon turbot  

G a r  i b a l d i  


Black bullhead 

Cheekspot goby 


Staghorn sculpin 

Cal i forn ia  grunion 


Halfmoon 

Cal i forn ia  corbina 

Dwarf surfperch 

Str iped  mullet  

Gray smoothhound 

Brown smoothhound 

B a t  r a y  


Rosy sculp in 

Yellow snake eel 

Seiiorita 

Painted greenl ing 


Reef f in spo t 

Kelp bass  

Spotted bass 

Barred sand bass 

Cal i fo rn ia  h a l i b u t  

P a c i f i c  b u t t e r f i s h  

White surfperch 

Thornback r a y 

SDotted turbot  

Hbrneyhead turbot  

Plainf  i n  midshipman

Specklef i n  midshipman 
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'SABLE 7.12-3 

SCIENTIFIC NAME 

Q u i e t u l a  y-cauda 


Rhacoch i lus  toxotes 

Rhinobatos  produc tus  

Roncador s t e a r n s i  


Sarda chiliensis 

Scomber j a p o n i c u s  

Scomberomorus concolor 

Scorpa ena gu tt a  t a  

Scorpaeni  c h t h y s  marmora t u s  

S e b a s t e s  p a u c i s p i n i s  

Sebas  tes r a s  trellig e r  

S e r i p h u s  p o l i  t u s  

Sphyraena argen tea  

Squa lus  a c a n t h i a s  

Squa t ina  c a l i f o r n i c a  

S t r o n q y l  ura e x i  1i s  

Symphurus a t r i c a u d a  

Syngna t h u s  c a l i f  orni ensis 

Syngnathus l e p t o r h y n c h u s  


Torpedo ca 1i fornic a  

Trachurus  symmetr icus  

T r i a k i s  s e m i f a s c i a t a  


Umbrina roncador 

Urolophus h a l l e r i  


Xenis tiu s  c a l  iforniensis 

X y s  tr e u r y s  1io1e p i s  


(Concluded) 

COMMON NAME 

Shadow goby 

Rubber 1i p  surf  perch 

Shovelnose g u i t a r f i s h 

Spotf in  croaker 


Pac i f i c  bonito 

Pac i f i c  mackerel 

Monterey Spanish mackerel 

Sculpin/spotted scropionfish 

Cabezon 

Bocaccio 

Grass rockf i sh  

Queenf i s h  

Cal i forn ia  barracuda 

Spiny dogfish 

P a c i f i c  angel shark 

Cal i forn ia  needlef i sh  

Cal i forn ia  tonguefish 

Kelp p ipef i sh 

Bay p ipe f i sh  


Pac i f i c  e l e c t r i c  r a y 

Jack mackerel 

Leopard shark 


Yellowfin croaker 

Round s t ingray  


Salema 

Fan ta i l  s o l e  
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Generally,  those species  t h a t  ranked high i n  abundance 

during thermal treatment were the  same species  t h a t  ranked high 

i n  daily'impingement samples .  Over 90 percent of t h e  f i s h  col

lec ted  during a l l  thermal treatments w e r e  comprised of 9 major 

species (Table 7 .12-1)  which a l s o  comprised 88 percent of t he  

t o t a l  d a i l y  impingement catch.  A t o t a l  of 108,102 f i s h  w e r e  

k i l l e d  during thermal treatments f o r  t h e  year .  This ,  compared 

with 7 9 , 6 6 2  f i s h  removed by d a i l y  impingement sampling f o r  t he  

year ,  i nd ica t e s  t h a t  s i g n i f i c a n t  numbers of f i s h  r e s i d e  i n  the  

in take  tunnels  without being impinged. 

Several  species  (opaleye,  spot ted sand bass ,  kelp bass ,  

barred sand bass ,  mussel blenny, and rockpool blenny) were taken 

i n  much higher numbers during thermal treatments than during 

d a i l y  impingement samples. The da ta  suggest t h a t  these species  

a r e  ab le  t o  survive within t h e  tunnels ,  wi th  a low p robab i l i t y  

of being impinged. I n  the  case of t h e  two b lennies ,  t h i s  may 

be due t o  t h e i r  preference f o r  a sedentary hab i t  among encrusting 

growths and foul ing  organisms. Such a l i f e s t y l e  would lead t o  

a s c a r c i t y  of encounters with the  t r ave l ing  screens.  

A s  f o r  t h e  th ree  species  of bas s ,  t h e i r  demersal hab i t s  and 

swimming s t r eng th  may account f o r  t h e  low d a i l y  impingement 

removals. Opaleye a l s o  hide i n  holes  and crev ices  a t  t i m e s  and 

are s t rong s w i m m e r s .  

The tot .a l  weight of f i s h  co l l ec t ed  during thermal treatments 

was 2 ,422 .4  kg (5,341 l b )  (63 percent of t h e  t o t a l  removed by . 

both thermal treatment and d a i l y  impingement during 1979) .  Fhe 

I a 
I 
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average weight (per f i s h )  f o r  a l l  f i s h  co l lec ted  during thermal 

treatments w a s  22.4 g ,  which w a s  32 percent g rea t e r  than the  

average weight of f i s h  obtained from d a i l y  impingement samples 

(17 �9. 
Fish impingement during thermal treatments var ied seasonal

l y .  Greatest abundances were taken during February and the  

l e a s t ,  during December (Tables 7.12-4 through 7.12-10) . The 

g r e a t e s t  weight of organisms removed occurred i n  February and 

t h e  smallest weight, i n  Ju ly .  Average weight per organism 

varied during the  year from 10 .3  t o  36.0 g .  S m a l l e s t  organisms 

w e r e  abundant i n  summer treatments (July - September) and the  

l a r g e s t  were more abundant i n  winter and spr ing.  

Different  t r ave l ing  screens removed d i f f e r e n t  amounts of 

organisms during periods of tunnel r ec i r cu la t ion .  Generally 

speaking, screen 5 (Unit 5) caught the  most organisms (54 percent 

of t o t a l  removal by thermal treatment).  Screens 1 (Units 1, 2 ,  

0 

and 3) and 4 (Unit 4) accounted f o r  30 and 16  percent ,  respec

t i v e l y ,  of t h e  t o t a l  number of organisms k i l l e d  during thermal 

treatment.  However, based on weight of organisms, screen 5 

again ranked f i r s t  (79 pe rcen t ) ,  screen 4 ranked second (12 per

c e n t ) ,  and screen 1 ranked las t  (9 percent ) .  The da ta  show 

t h a t  the g r e a t e s t  numbers and l a r g e s t  organisms were impinged 

i n  the  longest in take  tunnel ( leading t o  screen 5 ) ,  while a 

s i g n i f i c a n t  number of smaller species  were impinged a t  screen 1, 

and a smaller number of l a r g e r  organisms w e r e  impinged i n  the  

a intermediate length tunnel of screen 4 (Table 7.12-11) .  N o  
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t r ave l ing  screen was cons is ten t ly  number one i n  terms of number 

of organisms captured during each thermal treatment.  A l l  t h r e e  

screens ranked number 1, 2 ,  and 3 during various thermal t r e a t 

ments; however, screen 5 ranked number one more frequent ly  than 

the  o t h e r s ,  screen 4 ranked second most f requent ly ,  and screen 1 

ranked t h i r d  most f requent ly .  With regard t o  weight of organisms 

captured,  screen 5 cons is ten t ly  ranked f i r s t .  

The study shows tha t  c e r t a i n  numbers of f i s h  species inhabi t  

t he  in take  tunnel systems without being impinged. Some r e l a t i v e 

l y  l a r g e  individuals apparently l i v e  i n  the  tunnels and t h e i r  

numbers appear t o  be g r e a t e s t  i n  winter and lowes t  during 

summer. However, a l l  these  organisms are k i l l e d  during thermal 

treatments.  Following each treatment repopulation of t he  tunnels 

begins,  a s  organisms move i n t o  t h e  intake from Agua Hedionda 

Lagoon. A number of lagoon species  do not appear t o  move i n t o  

0 

2. 
 t he  P lan t  and thus are not subjec t  t o  impingement o r  thermal 

treatment (Table 7.12-12) . 
The s p e c i f i c  times when tunnel  r ec i r cu la t ion  w a s  conducted 

were given i n  Table 7.5-3.  Examination of data  i n  t h i s  t a b l e  f o r  

t o t a l  number and weight of f i s h e s  impinged indica tes  t h a t  some

times thcre  were res idua l  e f f e c t s  of tunnel r e c i r c u l a t i o n  l a s t i n g  

f o r  one o r  more days following the  operation. During those 

per iods ,  larger than usual numbers and t o t a l  weights of f i s h e s  

occurred i n  the  samples, desp i t e  t h e  f a c t  t h a t  a l l  material i m 
k pinged during t h e  6-hr period of t h e  tunnel r e c i r c u l a t i o n  i t s e l f  

0 w a s  removed by sampling a t  t h a t  t i m e .  
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TABLE 7.12-12 
FISH SPECIES COLLECTED IN AGUA.HEDIONDA LAGOON 
THAT WERE NOT COLLECTED AT THE TRAVELING SCREENS 

AT ENCINA POWER PLANT DURING 1979 

SCIENTIFIC NAME 


S c o r p a e n i c h t hy s  niarrnora tus 


Para#22inus r o s t r a  tus 


G o b i o n e l l u s  l o n y i c a u d u s  


G i l l i c h t h y s  m i r a b i l i s  


I1ypnus gilberti 


Q u i e t u l a  y-cauda 


COMMON NAME 


Cabezon 


Reef finspot 


Longtail goby 


Longjaw mudsucker 


Cheekspot goby 


Shadow goby 
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T h i s  e f f e c t  was evaluated s t a t i s t i ca l ly  by comparing the  

leve ls  Df impingement f o r  48-hr periods j u s t  before and j u s t  

a f t e r  tunnel r ec i r cu la t ion .  The 12-hr period 1900-0700 h r ,  

within which tunnel r ec i r cu la t ion  occurred, w a s  omitted from 

considerat ion.  The comparisons were made with a s e r i e s  of Mann-

Whitney U tests on t o t a l  number and weight of a l l  f i s h e s  impinged 

fo r  the  t h r e e  t rave l ing  screen s t a t i o n s  combined. These tests 

evaluated t h e  n u l l  hypothesis t h a t  t h e r e  w a s  no s i g n i f i c a n t  

d i f fe rence  i n  l e v e l s  of impingement before  and a f t e r  tunnel r e 

c i r c u l a t i o n ,  against  t he  one-way a l t e r n a t i v e  hypothesis t h a t  the  

l eve l  o f  impingement w a s  s i g n i f i c a n t l y  g rea t e r  a f t e r  tunnel r e 

c i r c u l a t i o n  than before.  

A comparison w a s  not made for t he  tunnel r e c i r c u l a t i o n  of 

February 24-25, 1979,  because of poss ib le  confounding e f f e c t s  

associated with a storm and the  s ta r t  of dredging operations a t  

t h a t  t i m e  (Table 7.5-3).  The incomplete tunnel r e c i r c u l a t i o n  

on September 1-2, 1979 a l s o  w a s  not considered, because i t  

l a s t ed  only two hours.  

The r e s u l t s  of t h e  Mann-Whitney U tests were as follows 

(SIG i nd ica t e s  a s i g n i f i c a n t  d i f fe rence  a t  the  l e v e l  of s i g n i f i 

cance shown; NS indica tes  d i f fe rence  not  s i g n i f i c a n t ) :  

Dates of Tunnel 
Recirculat ion 

Total  Number 
of Fishes 

Total  Weight 
of Fishes 

3/ 31-41 1 SIG SIG 
( p c .  05) (P<.05) 

6/16-6/17 SIG 
(P<. l o >  

SIG 
( p i .  05) 
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Dates of Tunnel 
Recirculat ion 

Total  Number 
of Fishes 

T o t a l  Weight 
of Fishes  

7 / 28-7 129 NS N S  

918-919 NS NS 

10113-10/14 SIG 
( p < .05) 

EJ S 

1 1 / 2 4 - 1 1 / 2 5  NS NS 

1 2 / 2 9 - 1 2 / 3 0  NS NS 

For only three of the  seven tunnel r e c i r c u l a t i o n s  considered were 

levels of impingement s i g n i f i c a n t l y  g rea t e r  following r ec i r cu la 

t i o n  than j u s t  before .  It i s  c l e a r  from t h e  s t a t i s t i c a l  r e s u l t s  

and from examination of Table 7.5-3 t h a t  r e s idua l  e f f e c t s  of 

impingement sometimes did occur following tunnel  r e c i r c u l a t i o n ,  

but  not i n  a l l  cases .  

I . 
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7 . 1 3  DISCUSSION 

The nature and extent of entrapment and impingement of 

fishes and invertebrates in cooling water systems of power plants 

is influenced by a number of physical and biological factors 

(7-6, 7-7, 7-8, 7-9, 7-10, 7-11, 7-12, 7-13, and 7-14).  The 

primary physical factors involved appear to be water temperature, 

velocity of flow and other flow characteristics in the cooling 

water system, waves, surge, turbulence and salinity changes 

associated with storms, level of illumination, and the water 

depth and structural characteristics of the intake system. A l l  

of these factors contribute to-impingement through their inter

actions with the species-specific and size-specific behavior 

and condition of fishes and invertebrates inhabiting the area 

adjacent to the intake, including the attraction of many species 
_ -

to man-made structures (7-15, 7-16, and 7-17). The detailed, i 
i 

two-year study of environmental factors affecting impingement of i 
fishes at the Redondo Beach Generating Station in Redondo Beach, i 

California (7-18), is particularly useful as a basis for compar-
J 
ing the results of this study at the Encina Power Plant. 

Specific interpretations of results from this impingement 


study are considered in preceding subsections of the report. 
 A 


more general interpretation of the important results is provided 


here. 

The detailed, daily sampling programs conducted during the 

period February 4 ,  1979 - January 4 ,  1980 provided a very com

0 prehensive set of data concerning impingement of fishes, large 
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i nve r t eb ra t e s ,  and marine p l an t s  i n  the  cooling water system of 

t h e  Encina Power P lan t .  The methods used were e f f e c t i v e  i n  

obtaining accurate quan t i t a t ive  and q u a l i t a t i v e  da ta .  

During the  336-day period of the  study, 76  species  of f i shes ,  

45 species  of l a rge  inve r t eb ra t e s ,  and 7 species  of marine 

grasses  and algae w e r e  impinged a t  t he  t rave l ing  screens and t h e  

bar  rack screening system. All were species common i n  Agua 

Hedionda Lagoon o r  i n  adjacent ocean areas. 

Johnson e t  al. (1976) (7-19) reported t h a t  1 1 2  species  of 

f i s h e s  were impinged i n  the  cooling water s y s t e m  of generat ing 

Units 7 and 8 a t  t h e  Redondo Beach Generating S t a t i o n  during t h e  

two-year period September 1 9 7 4  - August 1976.  I n  common with the  

Encina Power P lan t ,  these u n i t s  use cooling water drawn from an 

area  inhabi ted by both bay and ocean species .  However, t h e  in

take s t r u c t u r e  a t  t he  Redondo Generating S ta t ion  i s  loca ted  near  

t he  head of t h e  Redondo Submarine Canyon. As a r e s u l t ,  t h e  f i s h  

fauna and t h e  marine b i o t a  i n  general  a r e  p a r t i c u l a r l y  r i c h  i n  

spec ies  composition (7-20 and 7-21). These c h a r a c t e r i s t i c s  

probably explain i n  pa r t  t he  d i f fe rence  i n  number of species  

impinged a t  t h e  two power p l a n t s .  

The t o t a l  amount of f i s h  and inve r t eb ra t e  material impinged 

a t  t h e  t rave l ing  screens of t h e  Encina Power P lan t  during t h e  

336-day period w a s  85,943 indiv idua ls ,  wi th  a combined weight of 

approximately 1 5 4 8 . 4  kg ( 3 4 1 4  l b ) .  Of these ,  79,662 indiv idua ls  

w e r e  f i s h e s  weighing a t o t a l  of 1 3 9 5 . 2  kg (3076 l b ) .  In con t r a s t  

t o  t h i s ,  Johnson e t  a l .  (1976) (7-22) reported t h a t  an estimated 
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e 
260,917 f i shes  weighing 19,553.4 kg (43,063 lb )  were impinged 

at  the  t rave l ing  screens f o r  Units 7 and 8 of t h e  Redondo Beach 

Generating S ta t ion  during the  52-week (364-day) period September 

1, 1974 - August 31,  1975. These f igures  included f i s h e s  im

pinged during tunnel r ec i r cu la t ion .  

Several d i f fe rences  between the  two power p l an t s  probably 

* account f o r  the  very d i f f e ren t  t o t a l  l eve l s  of impingement 

a 


observed. The cooling w a t e r  systems supplying Units 7 and 8 of 

t he  Redondo Generating S ta t ion  had a maximum flow r a t e  of 468,000 

gpm, i n  cont ras t  t o  a maximum flow r a t e  of 534,300 gpm f o r  a l l  

Units of t he  Encina Power Plant  (41,900-220,000 gpm per Uni t ) .  

The cooling water passes through a r e l a t i v e l y  long conduit from 

366 m (1200 f t )  t o  t he  Redondo Beach Generating S ta t ion ,  while 

t h e  cooling water conveyance channels of t h e  Encina Power P lan t  

(Figure 7.3-1) a r e  sho r t e r .  The s t ruc tu res  through which water 

en ters  the cooling water system a r e  d i f f e r e n t  a t  the  two power 

p lan ts  and t h e  ve loc i ty  of flow i n t o  the  in take  s t r u c t u r e  i s  

r e l a t i v e l y  high a t  th'e Redondo Beach Generating S ta t ion  (2 = 73.2 

cm/sec o r  2 .4  f t / s e c ) .  In addi t ion ,  the  r i c h e r  f i s h  fauna i n  

King Harbor and a t  t he  head of  t he  Redondo Submarine Canyon 

probably contributed t o  the  higher levels of impingement repor

ted a t  Redondo Beach. I n  any case,  the  r e s u l t s  obtained i n  t h i s  

study ind ica t e  t h a t  t he  l e v e l s  of impingement f o r  f i s h e s  and 

inver tebra tes  are r e l a t i v e l y  low a t  the Encina Power P lan t  com

pared t o  those f o r  t h e  Redondo Beach Generating S ta t ion  and o ther  

l a r g e  coas t a l  power p l an t s  i n  southern Ca l i fo rn ia .  
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The queenfish (Seriphus p o l i t u s )  had by f a r  t h e  h ighes t  

l e v e l  of impingement a t  t he  Encina Power P lan t  i n  terms of number 

of individuals  (18,681 indiv idua ls ,  2 3 . 4  percent of a l l  f i s h e s ) .  

It a l s o  ranked four th  i n  weight ( 6 . 5  percent of a l l  f i s h e s ) .  The 

deepbody anchovy (Anchoa compressa) had the  second h ighes t  level 

of impingement (13,299 indiv idua ls ;  16.7 percent of a l l  f i s h e s )  

and ranked seventh i n  weight. Next i n  order by number of i nd i 

v idua ls  impinged were the  topsmelt (Atherinops a f f i n i s ) ,  t he  

Cal i forn ia  grunion (Leuresthes t e n u i s ) ,  t he  northern anchovy 

(Engraulis mordax), and the  sh iner  surfperch (Cymatogaster 

s r e g a t a ) ,  represented by from 9 . 2  t o  13.7 percent of a l l  f i s h e s  

impinged. All s i x  of these h ighes t  ranking species  were common 

i n  the  area near t he  Encina Power P lan t  during the  study. All 

a l so  a r e  r e l a t i v e l y  a c t i v e ,  open water forms. Because of these  

c h a r a c t e r i s t i c s ,  i t  i s  not su rp r i s ing  t h a t  they form the  l a r g e  

majori ty  (83.1 percent) of a l l  ind iv idua ls  impinged. 

Generally s imi l a r  r e s u l t s  were reported f o r  t h e  Redondo 

Generating S ta t ion  (7-23). I n  1974-75, the  h ighes t  ranking 

fishes i n  number impinged were northern anchovy (38 percent of 

a l l  f ishes) ,  sh iner  surfperch (16 pe rcen t ) ,  and queenfish (16 

percent ) .  

The s i x  species  ranking next h ighes t  i n  impingement a t  t h e  

Encina Power Plant  had considerably lower, s i m i l a r  l e v e l s  ranging 

from 1877 individuals  (2 .4  percent of a l l  f i s h e s )  f o r  t he  walleye 

surfperch (Hyperprosopon argenteum) t o  1046 indiv idua ls  (1 .3  

percent)  f o r  t he  g i an t  ke lp f i sh  (Heterostichus r o s t r a t u s ) .  A l l  
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of the  remaining species had l e v e l s  of impingement t h a t  repre

sented l e s s  than 1 . 0  percent of t he  t o t a l  number of a l l  f i s h e s  

impinged. Two of these  s i x ,  walleye surfperch and t h e  white 

surfperch a l so  were important components of impingement samples 

a t  Redondo Beach (7-24). 

Among the  12 species exhibi t ing l eve l s  of impingement 

grea te r  than 1 .0  percent a t  the  Encina Power P l a n t ,  only th ree  

a r e  bottom f i s h e s .  They a r e  the  round s t ingray  (Urolophus h d 

l e r i ) ,  t he  Cal i fornia  ha l ibu t  (Paralichthys ca l i fo rn icus )  

and the  g i an t  ke lp f i sh  (Heterostichus r o s t r a t u s )  . In general ,  

bottom f i shes  a r e  l e s s  suscept ib le  t o  impingement because they 

a re  heavy-bodied forms influenced very l i t t l e  by w a t e r  flow more 

than 1 t o  2 m above the  bottom. The g ian t  ke lp f i sh  normally 

remains c lose  t o  the fronds and blades of t h e  g i an t  kelp 
e 

-(Macrocystis p y r i f e r a ) .  It probably is  ca r r i ed  i n t o  the  cooling 

water system with the  l a r g e  masses of g i an t  kelp t h a t  have 

broken off  from the  kelp canopy. 

Many of the  rankings by weight d i f f e red  considerably from 

those by number of individuals  impinged. The round s t ingray  

(Urolophus h a l l e r i )  and t h e  P a c i f i c  e l e c t r i c  r ay  (Torpedo C a l i 

-fornica)  ranked f i r s t  and second on the  b a s i s  of weight (13.3 

percent and 9.0 percent of a l l  f i s h e s ) ,  r e spec t ive ly .  Other 

heavy-bodied rays  within the  f i r s t  ten species  on t h e  bas i s  of 

weight were the  s i x t h  ranked Cal i forn ia  b u t t e r f l y  r a y  (Gymnura 

marmorata) and the  t en th  ranked bat ray (Myliobatis c a l i f o r n i c a ) .  

Johnson et a l .  (1976) (7-25) noted a s i m i l a r  l a r g e  component ofa 
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elasmobranch f i s h e s  i n  the  biomass of impingement samples a t  t h e  

Redondo Beach Generating S ta t ion .  They found t h a t  33 percent 

of t he  impinged f i s h e s  by weight consis ted of sharks and r ays ,  

and t h a t  during 1974-75 P a c i f i c  e l e c t r i c  r a y  accounted f o r  9 

percent of a l l  f i s h e s  by weight. 

The topsmelt (Atherinops a f f i n i s )  ranked t h i r d  i n  the  i m 

pingement samples a t  t he  Encina Power P l a n t ,  both i n  number and 

weight of ind iv idua ls ,  represent ing 8 percent of a l l  f i s h e s  by 

weight. The queenfish (Seriphus p o l i t u s )  ranked fou r th  i n  

weight. Thus, a l l  t h ree  of these  open water species  ranked high 

i n  both numbers and weight of ind iv idua ls  impinged. 

The rankings of f i s h e s  on t h e  b a s i s  of weight a r e  a use fu l  

component of t h e  impingement study. Y e t  they are l e s s  important 

ecological ly  than the  rankings based on number of ind iv idua ls  

impinged. This i s  because most population processes of t he  

species  involved a r e  more d i r e c t l y  a f f e c t e d  by the  numbers of 

ind iv idua ls  i n  the population and v a r i a t i o n  i n  these  numbers 

than they a r e  by the  t o t a l  biomass of ind iv idua ls .  For t h i s  

reason, s e l e c t i o n  of add i t iona l  c r i t i c a l  species  w a s  based on 

the  numerical rankings and t o t a l  numbers of ind iv idua ls  impinged, 

as  described i n  subsection 7 . 4 .  

Both t h e  numbers and weights of f i s h e s  and inver tebra tes  

var ied considerably throughout t he  year and from day t o  day and 

week t o  week. Results of c o r r e l a t i o n  analyses indicated t h a t  

t he re  were no s i g n i f i c a n t  co r re l a t ions  between weekly mean values  

of temperature, s a l i n i t y ,  ocean wave he igh t ,  o r  cloud cover on 
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' e i t h e r  t h e  weekly mean t o t a l  numbers o r  weights of f i s h e s  im

pinged. The lack  of s i g n i f i c a n t  co r re l a t ions  may be a r e f l e c t i o n  

of the  f a c t  t h a t  impingement i s  influenced by a combination of 

f a c t o r s ,  r a t h e r  than by one o r  two ac t ing  i n  i s o l a t i o n .  

The seasonal pa t t e rn  of changes i n  impingement f o r  some 

c r i t i c a l  species of f i s h e s  appeared t o  be r e l a t e d  e i t h e r  d i r e c t l y  

or  i n d i r e c t l y  to  w a t e r  temperature. For example, t h e  queenfish 

(Seriphus po l i tu s )  had the  highest  levels of impingement during 

the  period mid-June through e a r l y  September, when ambient water 

temperatures were h ighes t .  Lowest mean numbers were impinged 

during the  period March-May, when water temperatures w e r e  r e l a 

t i v e l y  low. In con t r a s t ,  t he  l a r g e s t  numbers of round s t ingrays  

0 (Urolophus h a l l e r i )  were impinged i n  February, when w a t e r  tem

peratures  were low, and the  smallest  numbers w e r e  impinged from 

Ju ly  to  September, t he  period of highest  w a t e r  temperatures. 

While t h i s  evidence does not show conclusively t h a t  w a t e r  tern

perature  is  r e l a t ed  t o  l e v e l s  of impingement, it suggests t h a t  

temperature probably i s  involved i n  the  process f o r  some species .  

This had been shown t o  be t h e  case i n  other  s tud ie s  of impinge

ment (7-26, 7-27, 7-28, 7-29, and 7-30). 

Effec ts  of f i v e  d i s t i n c t  storm periods on numbers and 

weights of f i s h e s  w e r e  evaluated s t a t i s t i c a l l y  by comparing data  

f o r  periods of 4 t o  7 days before  and a f t e r  onset of storms. The 

storm periods were character ized by wind speeds -> 1 2  mph (16 kph), 

r a i n f a l l ,  s a l i n i t i e s  -< 29 .9  ppt  i n  the  lagoon, and ocean wave 

heights  -> 4 ft ( (1 .2  m). Four of t h e  f ive storm periods hada 
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s i g n i f i c a n t  e f f e c t s ,  with l a rge r  numbers o r  weights of f i s h e s  

impinged during t h e  storm conditions than j u s t  before .  

The r e s u l t s  do not allow s p e c i f i c  assessment of t h e  ind i 

vidual physical  conditions involved, but only t h e i r  combined 

e f f e c t s .  However, i t  i s  very l i k e l y  t h a t  a l l  of these  physical 

conditions , .and possibly t h e  associated increase  i n  t u r b i d i t y  as 

w e l l ,  a c t  i n  combination t o  cause increased impingement. Tur

bulent  w a t e r  conditions i n  t h e  ocean adjacent t o  the  entrance t o  

Agua Hedionda Lagoon may a f f e c t  impingement by causing f i s h e s  t o  

seek s h e l t e r  i n  the  lagoon. Johnson e t  a l .  (1976) (7-31) and 

others  (7-32, 7-33, 7-34, and 7-35) have observed s i m i l a r  e f f e c t s  

i n  o ther  s t u d i e s .  

Johnson et  a l .  (1976) (7-36) reported t h a t  storms accompan

ied by high wind speeds caused turbulen t  water conditions around 

the  in take  s t r u c t u r e  of t h e  Redondo Beach Generating S ta t ion .  

During s i x  storms over the  two-year period September 1974 -
August 1976, i n  which wind speeds averaged g r e a t e r  than 17.3 mph 

( 2 7 . 7  kph) f o r  24-hr per iods,  208,052 f i s h e s  w e r e  impinged i n  

19  days.  This represented 24 percent of a l l  f i s h e s  impinged 

during t h e  two-year period of t h e i r  study. Two major storms 

alone accounted f o r  21 percent of a l l  f i s h e s  impinged. They also 

found t h a t  t he  mean number of f i s h e s  impinged per  day during 

storm periods (2 = 8223) w a s  s i g n i f i c a n t l y  g r e a t e r  than during 

normal periods (X = 817).  
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The e f f e c t s  of storm conditions on t h e  area around the  in 

take s t r u c t u r e  of t he  Redondo Beach Generating S ta t ion  undoubted

l y  are much grea te r  than f o r  t h e  Encina Power P lan t .  A t  Redondo 

Beach the  in take  s t r u c t u r e  f o r  Units 7 and 8 i s  located i n  an 

a rea  d i r e c t l y  exposed to  wind, ocean swel l s ,  and turbulence,  

while a t  t he  Encina Power P lan t  water en te r s  t he  system from the 

r e l a t i v e l y  she l te red  outer  p a r t  of Agua Hedionda Lagoon. Evi

dence of thi.s i s  the  f a c t  t h a t  during storms, when ocean wave 

heights  exceeded 4 f t  ( 1 . 2  m) , wave heights  i n  outer  Agua 

Hedionda Lagoon remained l e s s  than 1 f t  ( 0 . 3  m). This d i f fe rence  

presumably i s  one major reason why storm conditions had much less 

pronounced e f f e c t s  on l eve l s  of impingement a t  the  Encina Power 

P lan t  

Dredging operations t o  remove accumulated sediment from 

ou te r  Agua Hedionda Lagoon during the  period from February 20 t o  

Apri l  25, 1979,  a l s o  caused increased impingement of f i s h e s  and 

@ 

i nve r t eb ra t e s .  This w a s  t r u e  p a r t i c u l a r l y  for species  l i v i n g  i n  

the  lagoon. Evidence from s t a t i s t i c a l  comparisons between levels 

of impingement during and following the  dredging operat ions sup

port  t h i s  conclusion. Unfortunately,  t he  period of dredging 

overlapped t h a t  of storm condi t ions during the  winter  and e a r l y  

sp r ing ,  so  t h a t  it w a s  d i f f i c u l t  t o  separate  the  e f f e c t s  of t hese  

two confounding va r i ab le s .  

Most of t h e  e f f e c t s  of dredging operations i n  increasing 

impingement a r e  r e l a t i v e l y  obvious ones. Disturbance and removal 

of bottom sediment would cause displacement of benthic f i s h e se 
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' 	 and inver tebra tes  i n t o  the water column, making them more vulner

ab le  t o  impingement. High l eve l s  of t u r b i d i t y  in  the  lagoon 

caused by dredging would reduce l i g h t  levels and v i s i b i l i t y  

markedly, with a r e s u l t i n g  increase i n  impingement of f i s h e s .  

In addi t ion ,  both benthic  and open w a t e r  f i s h e s  probably w e r e  

a t t r a c t e d  in to  t h e  areas af fec ted  by dredging t o  f eed 'on  organ

i s m s  displaced by dis turbance of t he  sediment. The r e s u l t i n g  

higher dens i t i e s  of some species  i n  the  outer  p a r t  of Agua 

Hedionda Lagoon probably contributed t o  the  higher  l e v e l s  of 

impingement observed. 

Evaluation of more de t a i l ed  information about short-term and 

seasonal va r i a t ions  i n  impingement of f i s h e s  considered as c r i t i 

c a l  species suggests t h a t  f o r  most of them impingement w a s  rela

t i v e l y  continuous throughout t h e  year.  However, the numbers and 

weights of individuals  f o r  each species var ied g r e a t l y  from day 

t o  day, week t o  week, and seasonal ly .  I n  some cases these  varia

t ions  appeared t o  be r e l a t e d  d i r e c t l y  o r  i n d i r e c t l y  t o  effects 

of water temperature,  storm condi t ions,  dredging operat ions i n  

outer  Agua Hedionda Lagoon, and other environmental f a c t o r s .  

There i s  a very c l e a r  evidence t h a t  t he  numbers and weights 

of f i shes  impinged during t h e  n ight  and ea r ly  morning period 

pr imari ly  of darkness (1900 t o  0700 h r )  w e r e  s i g n i f i c a n t l y  

g rea t e r  i n  almost a l l  cases than those during t h e  day (0700 t o  

1900 h r ) .  Diurnal e f f e c t s  of t h i s  kind on impingement have been 
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reported f o r  several  freshwater cooling systems ( 7 - 3 7 ,  7-38, 

7-39 ,  and 7 - 4 0 ) .  

There a r e  a number of probable reasons f o r  t h i s  evident day-

night  d i f fe rence  i n  l e v e l s  of impingement a t  t he  Encina Power 

P lan t .  Many f i s h e s  tend t o  be r e l a t i v e l y  quiescent and reduce 

t h e i r  swimming a c t i v i t i e s  during darkness. The v i s u a l  cues used 

by most species of f i s h e s  i n  swimming and avoidance behavior a l s o  

would be reduced a t  low l e v e l s  of i l luminat ion.  Because of these  

e f f e c t s ,  some species would be more suscept ib le  t o  being t rans

ported i n t o  the  cooling water system and impinged during periods 

of darkness. Another possible  e f f e c t  i s  t h a t  some species may 

move i n t o  the  area of Agua Hedionda Lagoon adjacent t o  the  Encina 

Power Plant  during darkness t o  feed  o r  seek s h e l t e r .  Higher 

d e n s i t i e s  of these individuals  might then cont r ibu te  t o  increased 

l e v e l s  of impingement. Several of t he  species with high l e v e l s  

of impingement a t  the  Encina Power P lan t  a r e  a c t i v e  a t  n igh t .  

These include the  queenfish (Seriphus p o l i t u s ) ,  the  nor thern '  

anchovy (Engraulis mordax) , and the  Pac i f i c  e l e c t r i c  r a y  (Torpedo 

c a l i f o r n i c a )  . 
As i n  the  case of evaluating e f f e c t s  of storm condi t ions ,  

i t  i s  very d i f f i c u l t  t o  consider each of these  poss ib le  causal  

f a c t o r s  i n  i s o l a t i o n .  Spec i f ic  f i e l d  and laboratory experiments 

would be required t o  do so. 

Results of c o r r e l a t i o n  analyses and evaluation of va r i a t ions  

i n  impingement ind ica t e  t h a t ,  i n  genera l ,  t he re  w a s  a d i r e c t  

r e l a t ionsh ip  between increasing flow r a t e s  of cooling w a t e r  and 
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the  impingement l eve l s  of f i s h e s .  Johnson et  a l .  (1976) ( 7 - 4 1 )  

reported a s imi la r  r e l a t ionsh ip  f o r  Units 7 and 8 of t h e  Redondo 

Generating S ta t ion .  They found t h a t  an average of t w i c e  as  

many f i s h e s  were impinged during periods when a l l  four  c i r c u l a t o r  

pumps supplying these u n i t s  were i n  operation ( 4 6 8 , 0 0 0  gpm; 

maximum in take  ve loc i ty  of 97 .5  cm/sec o r  3 . 2  f t / s e c )  than when 

only two pumps were operat ing.  The numbers of f i s h e s  impinged 

w e r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  these two l eve l s  of f low. 

Swimming c a p a b i l i t i e s  of f i s h e s  and t h e i r  r eac t ions  to  flow 

v e l o c i t i e s  a t  the point where cooling water en te r s  t h e  Power 

Plant a r e  known to  inf luence impingement. Schuler and Larsen 

( 1 9 7 5 )  ( 7 - 4 2 )  showed i n  laboratory tests using simulated in take  

s t ruc tu res  tha t  entrapment of f i s h e s  increases with increasing 

approach v e l o c i t i e s  of w a t e r  a t  the  intake.  Johnson e t  a l .  

( 1 9 7 6 )  ( 7 - 4 3 )  a l s o  reported the  r e s u l t s  of f i e l d  and laboratory 

s tudies  t o  evaluate t h e  swimming c a p a b i l i t i e s  and impingement 

of four spec ies ,  t he  queenfish (Seriphus p o l i t u s ) ,  t h e  northern 

anchovy (Engraulis mordax), t he  sh iner  surfperch (Cymatogaster 

m w ) ,and the white croaker (Genyonemus l i n e a t u s ) .  O f  

these, only t h e  northern anchovy showed s i g n i f i c a n t l y  higher 

leve ls  of entrapment and impingement with fou r ,  as opposed t o  

two, c i r c u l a t o r  pumps of Units 7 and 8 i n  operat ion a t  t h e  

Redondo Generating S t a t i o n .  Results of t h e i r  l abora tory  s tudies  

also showed t h a t  sh iner  surfperch and white croaker both have 

swimming c a p a b i l i t i e s  g r e a t e r  than those required t o  escape from 

flow with approach v e l o c i t i e s  up t o  9 7 . 5  cm/sec ( 3 . 2  f t / s e c )  a t  
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t he  point where cooling w a t e r  en t e r s  t he  in take  s t r u c t u r e .  

Such v e l o c i t i e s  exceed those measured i n  the  cooling water system 

of t he  Encina Power P lan t .  However, t he  s p e c i f i c  swimming capa

b i l i t i e s  of most f i s h  species impinged a t  t he  Encina Power P lan t  

a r e  not known. 

Generating Unit 4 a t  the  Encina Power Plant'was out of ser

v i c e  during March, Apr i l ,  and May and the  t o t a l  flow r a t e s  of 

cooling w a t e r  i n t o  the  plant  were reduced from approximately 

500,000 gpm t o  350,000 gpm. During t h i s  time impingement a t  the  

t r ave l ing  screens f o r  t he  two u n i t s  remaining i n  operation de

c l ined  and general ly  remained a t  r e l a t i v e l y  low l e v e l s .  While 

not conclusive,  t h i s  evidence suggests t h a t  such a reduction i n  

t o t a l  flow rate  of water enter ing the  Power Plant  from Agua 

Hedionda Lagoon tended t o  reduce impingement a t  t he  t r ave l ing  

screens of both u n i t s  s t i l l  i n  operat ion,  desp i t e  t he  f a c t  t h a t  

t he  flow r a t e s  within the  conveyance channels f o r  these  two u n i t s  

remained approximately the  same. This poss ib le  e f f e c t  could be 

evaluated f u r t h e r  through comparisons of impingement l e v e l s  a t  

d i f f e r e n t  t o t a l  flow rates. The information obtained would be 

of p r a c t i c a l  value i n  determining t h e  optimal flow charac te r i s 

t i c s  of t he  cooling w a t e r  system t o  maintain low l e v e l s  of 

impingement. 

In  genera l ,  there  w a s  l i t t l e  decomposition o r  physical  

damage evident among most species  of f i s h e s  i n  the  impingement 
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samples. However, following tunnel r e c i r c u l a t i o n  (heat  t reat

ment) the numbers of decomposed individuals  increased,  r e f l e c 

t i n g  the f a c t  t h a t  s u b s t a n t i a l  numbers of dead f i s h e s  from the  

tunnel r ec i r cu la t ion  remained i n  the  conveyance channels f o r  

periods of several days before  they were impinged. 

Observations during sampling indicated t h a t  when f i r s t  

washed i n t o  the  sampling n e t s  and t r a s h  c o l l e c t o r  u n i t s ,  most 

f i s h e s  w e r e  a l i v e  and i n  r e l a t i v e l y  good condi t ion.  Death and 

decomposition of most ind iv idua ls  appeared t o  be t h e  r e s u l t  of 

exposure out of water i n  t h e  t r a s h  c o l l e c t o r  baske ts ,  r a t h e r  

than t o  impingement on t h e  t ra .vel ing screens.  Live f i s h e s  re

moved from the  sampling n e t s  and held i n  tanks supplied wi th  sea

water recovered and appeared t o  be normal. These ind iv idua ls  

were rout ine ly  re leased .  

There appeared t o  be a f a i r l y  d i r e c t  r e l a t i o n s h i p  between 

t h e  amount of physical  damage and t he  f r a g i l i t y  o r  d e l i c a t e  mor

phological c h a r a c t e r i s t i c s  of a given species .  For example, 

a l l  three of t h e  anchovy spec ies  w e r e  subjec t  t o  much more dam

age than the  two r e l a t i v e l y  more "f irm-f leshed" a t h e r i n i d  spe

cies and other  f i s h e s .  Aside from t h e  anchovies,  t h e r e  a l s o  

appeared t o  be a tendency f o r  species  with l a r g e r  body s i z e  t o  

s u s t a i n . s l i g h t l y  more physical  damage than those of s m a l l e r  s i ze .  

The sex r a t i o s  of t h e  round s t ing ray  (Urolophus h a l l e r i ) ,  

the  deepbody anchovy (Anchoa compressa), t h e  slough anchovy 

-( A .  del icat iss i rna) ,  the  topsmelt (Atherinops a f f i n i s ) ,  the 

Cal i forn ia  grunion (Leuresthes t e n u i s ) ,  and t h e  specklef in  
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' midshipman (Porichthys myriaster)  a l l  r e f l e c t e d  the  f a c t  t ha t  

frequently l a rge r  numbers of adul t  females than males were i m 

pinged. The causes of t h i s  are not clear. However, i n  the 

case of t h e  specklef in  midshipman a l l  of t he  females impinged 

w e r e  i n  advanced s tages  of reproductive development. Johnson 

e t  a l .  (1976) (7-44) reported s imi la r  observations on midship

man species ,  shiner  surfperch, and other  species  t h a t  when 

impingement of females was  g rea t e r  than t h a t  f o r  males, t he  

females usual ly  w e r e  i n  an advanced reproductive s tage .  This 

evidence suggests t h a t  reproductive condition of females i n  

some species ,  including specklefin midshipman and shiner su r f -

perch, influences t h e i r  s u s c e p t i b i l i t y  t o  impingement. Blaxter 

(1969) (7-45), i n  a review concerning swhning performance of 

f i s h e s ,  noted t h a t  reproductive condition can influence swimming 

c a p a b i l i t i e s .  A s  Johnson et a l .  (1976) (7-46) have indicated,  

the o r i en ta t ion  behavior of female f i s h e s  a l s o  may change when 

they are i n  an advanced reproductive s ta te .  It i s  d i f f i c u l t  t o  

assess  the  impact such d i f f e r e n t i a l  impingement of females in  

reproductive condi t ion would have on the  n a t u r a l  populations.  

While the  data  obtained concerning reproductive condition a r e  

l imi ted ,  they do ind ica t e  t h a t  f o r  most of t h e  1 2  species con

sidered,  adu l t  females i n  all stages  of reproductive develop

ment occurred i n  t h e  impingement samples. 

The l a r g e s t  component of marine organisms i n  almost a l l  

impingement samples from t h e  bar rack and t r ave l ing  screen sta

t ions  consisted of marine grasses  and a lgae .  Large rays ande 
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sharks accounted f o r  a r e l a t i v e l y  s m a l l  p a r t  of t h e  material 

impinged a t  the bar rack screening system. E e l  g rass  (Zostera 

marina) and the  g i an t  ke lp  (Macrocystis pyr i fe ra)  were t h e  

dominant species i n  terms of volume. I n  general ,  the  highest  

l e v e l s  of impingement a t  t h e  bar r ack  system occurred during 

and following storms. The reason for t h i s  appears to be t h a t  

surge and wave ac t ion  assoc ia ted  with storm conditions dislodge 

and t ranspor t  l a rge  amounts of p l an t  material. However, impinge

ment of p lan ts  a t  the  t r ave l ing  screens general ly  w a s  g rea t e r  

during t h e  summer and fall. 
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8.0 


COOLING WATER SYSTEM 


(ENTRAINMENT STUDY) 


8.1 ABSTRACT AND SUMMARY 


A one-year study of entrainment was conducted at the Encina 

Power Plant during 1979. Samples were collected every two weeks 

at the plant's intake structure and in the adjacent waters of 

the outer segment of Agua Hedionda Lagoon. Plankton pumping 

systems and 0.5 m diameter plankton nets were used at intake , 

and lagoon sites, respectively. Both 5051.1and 33511 mesh nets 
I 

were utilized with each type of gear. Justification of mesh 
b*4.I 

sizes used has been previously discussed (Section &a) and data 
for each mesh size is considered separately. 

There were observed differences in plankton distribution 

between the intake and lagoon sites and between different plank

ton groups which are assumed to be a result of sampling variabil

ity (Table 8.3-1). This variability arises from differences in 

catch efficiencies and selectivities of the two types of sampling 

gear used (plankton pumps at the intake, plankton nets in the 

lagoon). The differences noted were as follows: 

. 0 Results of analysis of 5051.1 

0 

mesh data indicated 


nearly identical average total plankton densities 
for lagoon (2158 individuals/100 m3) and intake 

(2165 individuals/100 m3) sites; 3351.1mesh data. 


showed that average total densities at the intake 
(7350 individuals/100 m3 ) were only 34 percent of 

8-1 




4 

those observed in the lagoon (21,391 individuals/ 


100 m3>. 


e 	 50511 mesh data indicated greater ichthyoplankton 

densities at the intake and greater zooplankton 

densities in the lagoon; 3 3 5 ~mesh data indicated 


both greater ichthyoplankton and zooplankton den


sities in the lagoon. 


Additional findings of the entrainment studies were as 


follows: 


0 	 The ten most abundant plankton groups collected 

were similar for the different mesh sizes used at all 

the lagoon stations and the intake site. 

0 	 No significant vertical differences in the dis

tribution of plankton were found at either lagoon 

or intake locations. 

0 	 Greater ichthyoplankton (1.3 to 2.2 times greater) 

and zooplankton (5.4 to 17.6 times greater) abun

dances were shown to occur at night than during 

the day. 

0 	 No marked relationship between tidal stage and 

plankton abundance.was indicated from the data. 

0 	 Peak seasonal abundances in both ichthyoplankton 

and zooplankton were observed to occur during the 

spring. 
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@ 8.2 METHODOLOGY 

Entrainment sampling was conducted every two weeks at the 


Encina Power Plant. Three lagoon sites and one site at the 


Plant‘s intake structure were chosen for collections. 


Outer lagoon plankton were sampled using two 0.5 m diameter 


plankton nets of different size mesh (3351~.and 50511). Intake 


samples were collected with paired plankton pumping systems, 

also utilizing different mesh sizes (3351~.and 50511). Justifica

tion of mesh sizes used previously has been discussed (Section 

6 . 4 . 2 )  and data for each mesh size is considered separately. 

e 


Throughout rhe year-long program, entrainment sampling was 

conducted at various times during the day. Although the majority 

of collections were performed during the daylight hours, samples 

were occasionally taken instead during the evening o r  early 

morning. In this manner, the sampling regime included a variety 

of fluctuating environmental conditions (time of day, tidal 

stage, season, etc.) which occurred. The resulting data, then, 

provide a good cross-sectional representation of entrainment as 

it occurs during the year. 


In addition to the regular program, diurnal fluctuations in 


entrainment were specifically examined during October 16, 1979 


collections. 
 Both day and evening samples were collected for 


comparison. 


Vertical distribution of planktonic organisms was examined 

by comparative sampling at 5, 10, and 15 foot depths on several 

occasions (see Section 6 . 4 . 4 . 1 . 4 . 4 ) .a 



Quantitative estimates of entrainment were calculated for 


both zooplankton and ichthyoplankton. Entrainment was estimated 


during each sampling period (every two weeks) by multiplying 


indicated average plankton densities (at the intake) by the vol


umes of cooling water taken into the plant during that period. 


Annual, monthly and daily rates were estimated by averaging 


entrainment estimates for all sampling periods and extrapolating 


the values to the appropriate tine frame (Tables 8.4-2, 8.4-3 


and 8.5-4). Key Findings of this analysis are: 


0 	 Annual estimates of total zooplankton entrain
ment yielded values of 7.4~109 ( 5 0 5 ~data) and 

930.9~10 ( 3 3 5 ~data) individuals. Acartia 

tonsa was by far the most abundant invertebrate 

entrained. $7
,A 
0 

0 Estimates of total annual ichthyoplankton / 3fsbG8' 
i 

-*-/9
entrainment were 4.2~10 and 6.7~10 individuals 


f o r  5 0 5 ~and 33511 data, respectively. The 

majority of ichthyoplankton entrainment was 

contributed by fish eggs. 
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All specimens were preserved f o r  subsequent laboratory 

analysis. Detailed methodologies for all entrainment studies are 

given in Appendix B, Section 1 6 . 2 . 4 .  



8 . 3  GENERAL INFORMATION 

Differences i n  plankton d i s t r i b u t i o n  between the  in t ake  and 

lagoon s i t e s  and between d i f f e r e n t  plankton groups w e r e  observed 

during t h e  present  s tudy.  Data from 505p mesh net c o l l e c t i o n s  

ind ica ted  near ly  i d e n t i c a l  average t o t a l  plankton d e n s i t i e s  f o r  

lagoon (S ta t ions  AHL 1, AHL 2 ,  and AHL 3 )  and in t ake  (S ta t ion  I 1) 

s i tes  (Table 8.3-1).  However, 33511 mesh ne t  da t a  ind ica ted  t h a t  

o v e r a l l  average t o t a l  plankton d e n s i t i e s  a t  the i n t a k e  w e r e  only 

34  percent of those observed i n  t h e  lagoon (Table 8 .3-1) .  The 

r e l a t i v e  cont r ibu t ions  of ichthyoplankton and zooplankton t o  

these  t o t a l  dens i t i e s  va r i ed ,  depending upon t h e  mesh s i z e  used. 

Data from 5 0 5 ~mesh n e t s  revealed g r e a t e r  ichthyoplankton densi

t i es  a t  t h e  in take  (74  percent  g r e a t e r  than average lagoon densi

t i e s ) ,  bu t  g r e a t e r  zooplankton d e n s i t i e s  w e r e  observed i n  the  

lagoon (47 percent g r e a t e r ) .  I n  c o n t r a s t ,  33511 mesh da ta  showed 

g r e a t e r  ichthyoplankton (32 percent  g r e a t e r )  and zooplankton 

(229 percent  g rea t e r )  d e n s i t i e s  a t  lagoon s i tes .  The observed 

d i f f e rences  i n  plankton d i s t r i b u t i o n  descr ibed above are assumed 

t o  be pr imar i ly  a r e s u l t  of sampling v a r i a b i l i t y .  This v a r i a b i l 

i t y  arises from d i f f e rences  i n  ca t ch  e f f i c i e n c i e s  and select ivi

t i e s  of t he  two types  of sampling gear  used (plankton pumping 

systems a t  t h e  in t ake ,  plankton n e t s  i n  t h e  lagoon).  Although 

some n a t u r a l l y  occurring v a r i a t i o n s  would be expected due t o  the  

c h a r a c t e r i s t i c a l l y  patchy d i s t r i b u t i o n  of plankton 

(see Sec t ion  6 . 6 ) ,  they would be  overshadowed by such gear-

induced v a r i a b i l i t y .  
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TABLE 8.3-1 
SUMMARY OF ENTRAINMENT DATA FOR 1979 STUDY 

AT THE ENCINA POWER PLANT 

AVERAGE TOTAL DENSITY 3 

Size Group 
Lagoon Intake 

50511 Ichthyoplankton 660 1,149 

505p Zooplankton 1,498 1,016 

a 335p Ichthyoplankton 1,856 1,408 

335p . Zooplankton 19,535 5,942 

Mesh Plankton (Individuals captured/lOOm ) 
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------ -------- --- 

TABLE 8 . 3 - 3  
RANK ORDER OF ENTRAINMENT SPECIES CAPTURED I N  5 0 5 ~  

NETS AT INTAKE STATION I1 FROM JANUARY THROUGH 
DECEMBER, 1979 AT ENCINA POWER PLANT 

1 PRR PRUCEWT 
100 13 O? TOTLL 

999.277 Y6,lS 
355.3R6 16.41 
210,392 10.82 
i w . 9 6 e  6.98 
103.891 a. 90 

78.917 3.65 
77.552 3. SR 
69.527 .3.21 
36. n23 1.70 
25.368 1.17 
22.169 1-03 

L l R l  - 1 9  
1.941 .) 09 
L2UU - 0 6  
1.052 ..05 
1.039 ,05- R O U  - 0 4  
,527 - 0 2- 524 I 0 2  
,4 2 2  -02  .379 - 0 2  
,230 -01 
,072 ,00 
-066 - 0 0  
-054 - 0 0  
,043 - 0 0  
,033 .) a0 
,033  ,00 
,033 ,00  
,031 - 00 
,033  - 00. 
,033 - 0 0  
-033  * 00 
,0 20 .00 

2165.325 l O L n 0  

R A N K  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
1 3  
14 
15 
16 
17 
18 
1 9  
20 
21 
27 
2 3  
29 
25 
26 
27 
2 1  
21 
27 
27 
21 
27 
ze  
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Rank orders of abundance da ta  f o r  t he  d i f f e r e n t  plankton 

groups have been presented i n  Tables 8.3-2 through 8 . 3 - 7 .  I n  

gene ra l ,  the  top ten  most abundant groups were t h e  same f o r  bo th  

in t ake  and lagoon s i tes ,  as we l l  as f o r  both 5 0 5 ~and 3 3 5 ~mesh 

n e t  landings.  However, a c t u a l  group orders var ied  wi th in  t h e  

top t en  rankings.  Most of t he  top  ten  groups appeared t o  be 

more abundant i n  the  lagoon than a t  the in t ake  s t r u c t u r e .  Sam

pling v a r i a b i l i t y  would a l s o  account f o r  these  observat ions.  
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TOTlL -------- --- 

TABLE 8 . 3 - 2  
RANK ORDER OF ENTRAINMENT SPECIES CAPTURED I N  505p

NETS AT 	 LAGOON STATIONS AHL1-3 FROM JANUARY THROUGH 
DECEMBER, 1979 AT ENCINA POWER PLANT 

e p m  P F C G N T  
100 u3 O? 
e-----


YR7, R9R 17.9P 
373. U6C 17.31 
273.929 12.69 
269.761 12.50 
215.162 9.97 
,110.980 A. i t  
162.520 7 .53  
i a n . w 2  6. R E  

59, n9z 2.7e 
35.720 1.66 
1R, 179 - 94 
10.376 49 
9.192 - U I  
5.031 - 23 
2.968 - 14 
2-0u2 -09  
1,777 - O R  
1.705 - 08 
,938 Iou- 5 ~ 3  - 0 3  ..390 - 02 
.366 - 0 2  
- 3 5 8  * 02 
- 3 2 1  - 0 1  
.251 - 0 1- 175 - 0 1.167 - 0 1- 165 .ni- 123 - 0 1- 121 - 0 1  
. l l U  - 0 1- 097 -on-096 - n o  
-081 - 90 
.077 I O 0- 055 00 
.053  .no- 050 1 0 0  
.01q Ior, 
- 0 9 1  - 0 0  
* 035 - 0 0- 026 -00 
- 0 2 2  -no 
- 0 2 1  - 0 0  
-015 - 90 
.01u .DO ..010 - 00 
I009 .OD 
-009 - 0 0  ..on7 .on 
IO04 - 9 0- 000 -no 

2157,623 1oo.oo 

niwu 

1 
7 
3 
4 
5 
6 
7 
A 
9 

10 
11 
1 2  
13 
10 
15 
18 
17 
18 
19 
20  
2 1  
22 
25 
24 
25 
26 
27 
211 
29 
3 C  
31 
32  
33 
3 U  
35 
36 
-37 
19 

30 
0 0  
U1 
42 
9 1  
UU 
05  
0 6  
0 7  
0 8  
U 9  
UP 
SO 
5 1  
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------- 

I 

-------- --- 

TABLE 8 . 3 - 4  
RANK ORDER OF ENTRAINMENT SPECIES CAPTURED I N  5051~ 

NETS FROM JANUARY THROUGH DECEMBER, 1979 AT 
ENCINA POWER PLANT 

t P m  PrQClNT 
ton  13 OF TOTIT. RANK 

054.673 20.97 1 
351.139 16- 19 2 
329.PU5 15-19 1 
240.977 11.11 4 
273.998 10-33 5 
159.314 7.35 F 
lU7-767 6.01 7 
113.810 5.25  R 
50. 495 2.33 9 
u2.vi60 1.97 1 0  
21.531 .99 11 

9.037 42 12 

-0.312 20- 1 4  
2.720 13- 15 
1,850 r19 16 
1.981 - 0 7  17 
1,027 * 07- 18 
1 804 04  19 
- 5 5 3  I O 3  2n 
- 4 9 0  - 0 7  21  
I329 I02 22 
- 2 7 5  - 0 1  2 3  

' ' - 2 5 1  - 0 1  2u 

7.500 ..35 1 3  

C I L I  FOR N I L  n h  LTRVT 

OP A LETF 

STR T nRD W111,l.FT 

PIITTE CROAKER 


TOT11 

.2?7 -01  25 
,201 - 0 1  26- 100 - 0 1  27- 130 - 01 29- 124 - 0 1  29 
,110 - 0 1  30 
-090 -on 31- OR5 .00 3 1  
.072 - 0 0  33- 067 - 0 0  3 4  
-065  	 - 00 35 

059 - 0 0  36- OUC -00 37 
-043  - 0 0  38- 017 - 00 3 9  
.032 .00 00 
-026  - 0 0  0 1  
,022 - O D  4 2  
-022  .00 u 3  
. O l R  - 00 04  
- 0 1 6  . o o  45 
,011 - 00 4 6  
-011 -00 47 .oon .oo en 
.DO8 - 00 09- 007 .oo so 

007 - 00  50- 007 - 00 51- 005 - 00 5 2  
.os4 - 0 0  5 1- 003 - 0 0  5 4  

2 i ~ n . s t i i  100.00 
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------- -------- --- 

TABLE 8.3-5 
RANK ORDEK OF ENTRAINMENT SPECIES CAPTURED I N  3351~ 

NETS AT LAGOON STATIONS AHL1-3 FROM JANUARY THROUGH 
DECEMBER, 1979 AT ENCINA POWER PLANT 

8 PUR PIFCI IRT 
100 Y ?  O? TnTAL RI V K  

10777.953 OR. 52  7 
2993, SO6 13.99 2 
2364,301 91-05 3 
7102, 64n 9.33 4 
1222.313 5 - 7 1  5 
1177,571 5.51 6 

437,572 2.05 1 
259.33 3 1 -21  n 
214.P6R 1, on 9 
1 l U . O B A  - 5 3  10 

55.UFi8 I 2 6  1 1  
20.626 - 1 0- 12 
1A, 537 09 13 
7.471 - 0 3  14 
6.316 - 0 3  15 
4, 571 - 0 2  16 
3.307 * 02  1 1  
2.121 - 0 1  18 
2, ne6 - 0 1  19 
1,472
i . i i n  

- 0 1  
- 0 1  

20  
2 1  

490 .no 22 
- 4 1 0  - 00 23 
-395 - 0 0  24 
,290 .. 00 25 
,223 -00  ' 26- 239 - 00 7 1- 169 ,00 2n 
* 142 - 0 0  29  

101 .on 1 0- 095 .nn 3 1  
,092 - 0 0  3? .on5 .no 33  
,O R 0  .00 3 0  
,019  - 00 35 
.073 .on 36 .Oh7 I 0 0  3 1  
- 0 6 2  - 0 0  ? A  
.os5 * 00 79  
,053 ,on 4 0  
,OUh ,00 4 1  
*no  i -no 0 2  
,040 - 00 4 3  
- 0 3 1  . 00 04- 0 3 0  - on OS 
* 027 ,on P6 
,020 - 0 0  a i  
,016 - 0 0  08  
,015 -no 09 
,010 - 00 50 
, n i 3  ,0 0  5 1  
,013 I O 0  5 1  
- 0 1 0  -00  52 

21390.680 100.00 
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------- t n t i L  ------- 
:PBR 

100 P 3  

3P61.829 

1 112.21 1 

710.0?2 

569.731 

U92.OIR 

058.038 
251.9?4 
101.159 

61.611 

56,216 

32.160 

19. BU6 

U. U26 
1.97s .OT7 
-7YO 

-664  
-463 

,291
- 797- 272- 159- 159 
I120-onn 
,on0 
-053 
.DUO 
- 0 U O  
* 040 .ouo 
IDUO 

o2a 

7350,020 
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PrnCCRT 
or RanK 

87, 14 1 
15.11 
9.72 

2 
3 

. 

7-75 0 
6-69 5 
6.23 6 
3 - 5 1  7 
1- 30 E 
(. 63 9- 76 10 .UI 1 1  
- 2 7  12- 06  13 
* 02 18 
-01 15 
IO1 16 
-01 17 
-01 10  
I O 0  19-00 ?O 
.DO 21 
I O 0  22-00 22 
-00  23- 00 24 .00 2u- 00 25 
- 0 0  26 
* 00 24 ..00 26 
.no 26 
- 0 0  26 
- 0 0  27 

100.00 




------- -------- --- 

TAI3LE 8 . 3 - 7  
RANK 011Di:K OF ENTRAINMENT SPECIES CAPTURED I N  335p

NETS FROM JANUARY THROUGH DECEMBER, 1979 AT 
ENCINA POWER PLANT 

9 L A C K I Y  F GORY 
C - 0  TIIFROT 
GTANT KF!LPFI9II 

17TAL 

8 PER PlRCRiT 
100 11 O? TOTLL R l U K  

*7 m e . 6 0 2  Y9.55 
1915.022 12-10 2 
199U. 079 11-91 3 
1U91-366 9-43  U 

869.230 5. u9 5 
~ 5 5 . 2 2 1  5-41  6 
uoo. s9n 2.53 1 
20u. OBR 1.29 8 
173,406 1.10 9 
82.722 - 5 7  10 
U2.979 - 21 1 1  
20.230 - 13 12 
10,Rqq - 01 13 

5.717 I 04 10 
U. OIK - 0 3  15 
2-57 1 - 02 16 
1. RKO - 0 1  17 
1.825 - 0 1  i e  
1.149 . D l  19 
1,225 - 01 20 

- 9 6 2  - 0 1  21- 915 - 01 2?- 166 .no 2 3  
- 2 6 8  00 2u- 240 -00  25- 189 - 00 26- 163 - 0 0  27- 167 - 0 0  28- 1U5 00 29 .110 - 00 30 
. 0 ~ 5  - 0 0  31  
,093 - 3 0  37 .O7R 190 3 3- 076 - 0 0  3u- 07fi .on 35- 052 I 0 0  36 
- 0 5 1  - 0 0  77 
- O U R  - 0 0  3n 
. O U 4  - 0 0  39 
I O U 2  - 00 9 0  .o-tn -00 U l  
-018 .DO a 2  .O ? R  - 0 0  b.3 
* 0 3 0  - 0 0  4 4- 023 - 0 0  45- 023 - 0 0  P6 
I 0 2 2  - 00 4 7  
- 0 1 1  - 00 08 
-015 -00 49 
- 0 1 1  .Ob 50- 009 - 0 0  5 1- 009 - 00  52- 009 - 00 5 3- no8 - 0 0  5 U- 007 I O 0  55- 007 - 00  5 5- 005 - 00 5 6  

15820,918 100-00 
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8 . 4  INVERTEBRATE ZOOPLANKTON 

8 . 4 . 1  Vertical Distribution 

Vertical distribution within the lagoon and intake was dif


ficult to examine due to shallow depths in many portions of the 


study area. The extent of vertical distribution was examined in 


the deeper areas of the outer lagoon and found to be insignifi

cant, indicating no vertical stratification of species within 

the lagoon water column (see Section 6 . 4 . 4 . 1 . 4 . 4 ) .  

8 . 4 . 2  Temporal Distribution 

8 . 4 . 2 . 1  -Diel. Comparative daytime and evening sampling was 

conducted during the October 10, 1979 entrainment collections. 

Both the outer lagoon and intake data were tested f o r  possible 

diurnal differences using the Mann-Whitney U-test (8-1). Results 

of the analysis indicated significant day-night differences in 

the plankton populations examined (Table 8 . 4 - 1 ) .  Total inverte

brate zooplankton abundances were 5 . 4  tines higher in night sam

ples f o r  33511mesh data. Analysis of the 50511 mesh data indica

ted zooplankton densities to be 1 7 . 6  times greater at night than 

during the day. 

8 . 4 . 2 . 2  Tidal. Hierarchical analysis was used to examine pos

sible tidal differences in the data obtained during the entrain

ment sampling program (Appendix Figures 1 6 . 3 - 2 0  and 1 6 . 3 - 2 2 ;  

Tables 1 6 . 3 - 5 5  and 1 6 . 3 - 5 6 ) .  No clear trends were indicated. 

The relationship of the zooplankton population to tidal stage 

Q00G49 
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TABLE 8.4-1 
SUIlIMARY OF ANALYSIS OF DIURNAL PLANKTON ABUNDANCE 

USING THE MANN-WHITNEY U-TEST (LEVEL OF SIGNIFICANCE = 0.05)
ENCINA POWER PLANT - AUGUST 1, 1980 

iesults of Test (Dav-Night Differences) 


Plankton Group 


Fish eggs and larvae 


A c a r t i a  tonsa 

0ther copepods 


Mysidacea 


Decapoda 


Other crustacea 


Chaetognatha 


Other zcoplankton 


33511 Data 


Not significant 


Significant 


Significant 


Significant 


Significant 


Significant 


Not significant 


Not significant 


5051.1Data 


Significant 


Significant 


Significant 


Significant 


Significant 


Significant 


Significant 


Not significant 


I 
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@ does not appear to be marked. However, tidal effects may have 


been masked by the greater, seascnal changes in the population. 


8.4.2.3 Seasonal. Hierarchical analysis of 50511 zooplankton 


data indicated two distinct seasonal groupings, a January-June 


and a June-December period (Appendix Figure 16.3-32 and Appendix 


Table 16.3-57). All major zooplankton divisions examined were 


present throughout the year. 
 Seasonal differences in populations 


appeared to be due to increased zooplankton abundances during 


the January-June period. 
 Overall peak abundances were observed 


during February, March, and May (Figures 8.4-1 and 8.4-2). At 


these times, peak abundances were exhibited by all major zoo


plankton groups examined (Acartia tonsa, other copepods, mysids, 


decapods, and chaetognaths) . 
Data from 335p net collections was incomplete and did not 

present clear seasonal trends (Figures 8.4-3 and 8.4-4). Regular 


continuous sampling with 335p mesh was not started until late 


May, missing most of the previously indicated peak abundance 


period. 


8.4.3 Quantitative Estimates of Entrainment 


Average total estimated entrainment rates were calculated 


for all major zooplankton groups. Estimates have been presented 


for average daily, monthly, and yearly rates using both 5 0 5 ~and 


335p mesh net catch data. Entrainment values were determined for 


each sampling period (every two weeks) by multiplying indicated 


a average plankton densities (at the intake) by the volumes of 
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cooling water taken into the plant during that period. Daily, 


monthly, and yearly rates were estimated by averaging entrainment 


estimates for all sampling periods and extrapolating the values 


to the appropriate time frame. 


8 . 4 . 3 . 1  Daily. Average daily estimates of total zooplankton 
entrainment were 2.03~10 and 8.45~107 7 individuals, for 5 0 5 ~and 

33511net data, respectively. Estimated average daily rates for 


all major zooplankton groups have been presented in Tables 8.4-2 

and 8 . 4 - 3 .  Acartia tonsa was by far the most abundant inverte

brate entrained by the Power Plant. 

8.4.3.2 Monthly. Average monthly entrainment estimates for 
zooplankton were 6 . 1 7 ~ 1 0 ~  9( 5 0 5 ~net estimate) and 2.57~10 (335~ 

net estimate) individuals. Entrainment estimates for all major 


zooplankton groups have been shown in Tables 8.4-2 and.8.4-3. 


8 . 4 . 3 . 3  Yearly. Average annual estimates of entrainment have 

been determined for all major zooplankton groups (Tables 8.4-2 

and 8 . 4 - 3 ) .  Estimated total annual entrainment rates were 7 . 4 1 ~  

LO9 ( 5 0 5 ~ 1net estimate) and 3.09~10~'(335~net estimate) 

i.nc1ividual.s . 
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TABLE 8.4-2 

ESTIMATED INVERTEBRATE ENTRAINMENT RATES FOR THE ENCINA 


POWER PLANT U S I N G  505 MICRON NET COLLECTION DATA 

OBTAINED DURING THE 1979 STUDIES 


~~ 

Average Total  Estimated Entrainment 
(Number of Individuals)  

Plankton Group Daily Monthly Yearly 

A c a r t i a  tonsa 7.63 x 106 2.32 x 10' 2.79 lo4 

Other Copepoda 2.16 x 106 6.58 x 107 7.90 x lo8 

Mysidacea 1.34 x 106 4.07 x 107 4.89 x l o 8  
Decapoda 4.44 x l o 6  1.35 x l o 8  1.62 l o 9  
Other crustacea 2.70 x 106 8.20 lo7 9.84 x lo8 

Chaetognatha 1.56 x 106 4.75 lo7 5.70 x lo8 

Other zooplankton 4.55 lo5 1.38 lo7 1.66 x lo8 
__ 

e 
Tota l  Inver tebra tes  2.03 x 107 6.17 x lo8  7.41 lo9 

8-19 




TABLE 8 . 4 - 3  

ESTIPlATED INVERTEBRATE ENTRAINMENT RATES FOR THE ENCINA 


POWER PLANT USING 335 MICRON NET COLLECTION DATA 

OBTAINED DURING THE 1979 STUDIES 


Average T o t a l  E s t i m a t e d  Entrainment 
(Number of I n d i v i d u a l s )  

P l a n k t o n  Group Daily Monthly Year ly  

ACJ r t i a  tonsa 4 . 7 7  x 10 ' 1 . 4 5  x 109 1 . 7 4  x lo1' 
0 ther copepod s 8 . 4 7  x 106 2 .57  x 108 3 . 0 9  x 109 

l l y s idacea  6 . 7 0  x 105 2 . 0 4  l o 7  2 . 4 4  x 108 

Decapoda 1 . 3 2  x 10 7 4 . 0 3  x 108 4 . 8 4  x 109 

Other  crustacea 6 . 9 5  x 106 2.11 x 108 2 . 5 4  l o 9  
Chaetognatha  1 . 8 3  x 106 5 .57  l o 7  6 .68  x l o 8  
Other  zooplankton  5 .68  x 106 1 . 7 3  x 108 2.07 l o 9  

T o t a l  I n v e r t e b r a t e s  8 . 4 5  x 107 2 . 5 7  l o 9  3.09 x 1010 
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8 .5  ICHTHYOPLANKTON 

8.5.1 Vertical Distribution 


Vertical distribution within the lagoon and intake was 

difficult to examine due to shallow depths in many portions of 

the study area. The extent: of vertical distribution was examined 

in the deeper areas of the outer lagoon and found to be insignif

icant, indicating no vertical stratification of species within 

the lagoon water column (see Section 6.4.4.1.4.4). 

8.5.2 Temporal Distribution 


8.5.2.1 Diel. Comparisons of daytime and evening ichthyoplank

ton catches were performed as described in Section 8 . 4 . 2 . 1 .  

Results of the Mann-Whitney test indicated significant diurnal 

differences in the 50511 ichthyoplankton data (see Table 8.4-1). 
0 


The average number of ichthyoplankton in night samples was 1.3 


times the average number in day samples according to 3 3 5 ~mesh 


data, 2.2 times according to 5 0 5 ~mesh data. Analysis of the 


335l.1data did not reveal any significant day-night differences 


at a 0.05 level of significance. 


8.5.2.2 Tidal. Hierarchical analysis was used to examine pos

s i b l e  tidal differences in the ichthyoplankton populations 

sampled during the entrainment program (Appendix Figures 16.3723 

through 16.3-30 and Appendix Tables 16.3-58 through 16.3-61): No 

clear relationships of ichthyoplankton abundance.to tidal stage 

were indicated.a, 
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8.5.2.3 Seasonal. Ichthyoplankton data from 50511 net collec

tions indicated peak abundances of fish larvae and eggs during 

the March-June period. Eggs were taken in greatest abundances 

during May and June at both lagoon and intake sites (Figures 

8.5-1 and 8.5-2). Fish larvae were collected in greatest numbers 

during March and April, at the lagoon and intake sites, respec

tively. 

Seasonal variations in ichthyoplankton composition and 


abundance were similar for lagoon and intake sites. Individual 


accounts for different groups and species have been previously 


discussed under plankton abundance and distribution studies 


(Section 6.4.5). 


Peak ichthyoplankton abundances during the spring/early 

summer period are a result of two plankton groups. The first 

includes those fish eggs and larvae which were found to be 

present in the plankton throughout most of the year, but exhibi

ted peak abundances during the March-June period (Table 8.5-1). 

Other species, however, were found almost exclusively during the 

spring/early summer period (Table 8.5-2). A number of additional 

contributors were taken primarily during other times of the year. 

These have been listed in Table 5 . 5 - 3 .  

A s  previously mentioned, 3 3 5 ~mesh net collection data were 

somewhat incomplete,missing the peak abundance period (Figures 

8 . 5 - 3  and 8 . 5 - 4 ) .  
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TABLE 8.5-1 

YEAR-ROUND CONTRIBUTORS TO THE ICHTHYOPLANKTONPOPULATION WHICH EXHIBIT PEAK ABUNDANCES 

DURING SPRING AND EARLY SUMMER 
ENCINA POWER PLANT - AUGUST 1, 1980 

Atherinidae 


C o t  tidae 


Sciaenidae 


Hypsoblennius sp. 


Gobiidae 


Pleuronichthys ritteri 


Pleuronichthys verticalis 


Citharichthys sp. 
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TABLE 8.5-2 
ICHTHYOPLANKTON PRESENT PRIMARILY 
DURING THE SPRING AND EARLY SUMMER 
ENCINA POWER PLANT - AUGUST 1, 1980 

Anchoa sp.
-_--
Anchoa delicatissima 


Engraulis mordax 


Gobiesox papillifer 


Atherinops affinis
-

Serranidae 


Trachurus symmetricus 


Genyonemus 1ineatus 


Girella nigricans 


Chromis punctipinnis 


Pimelometopon pulchrum
-
Blenniidae 


Gibbonsia montereyensis 


Coryphopterus nicholsii 


Lepidogobius lepidus
-
Parop?irys vetulus 


8-24 




TABLE 8.5-3 
ICHTHYOPLANKTON WHICH ARE PRIMARILY 

PRESENT DURING OTHER SEASONS 
ENCINA POWER PLANT - AUGUST 1, 1980 

Group 


Gobiesocidae 


Seriphus politus 


Menticirrhus undulatus 


Cheilotrema saturnum 


Mugil cephalus 


Hypsoblennius gentilis 


Typhlogobius californiensis 


Paralichthys californicus 


Pleuronichthvs coenosus 


Hypsopsetta guttulata 


Primary Season of Contribution 


Summer through Winter 


Summer and Winter 


Summer/Fa11 


Summer 


Fall/Winter 


Summer/Fall 


Winter/Spring 


Winter 


Late Summer through Winter 


Winter/Spring 
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8 . 5 . 3  Quantitative Estimates of Entrainment 

Average total estimated entrainment rates were calculated 

for fish eggs and larvae in the same manner described in Section 

8 . 4 . 3 .  Estimates have been prepared for average daily, monthly, 

and yearly rates using both 505 and 3 3 5 ~mesh net data. In all 

cases, fish eggs constituted the majority of individuals entrain

ed. 


8.5.3.1 Daily. Daily estimates of ichthyoplankton entrainment 

7 7were 1.13~10 and 1.82~10 individuals, for 505 and 33511 net 

data, respectively (Table 8 . 5 - 4 ) .  

8 . 5 . 3 . 2  Monthly. Monthly estimates of ichthyoplankton entrain

ment were 3 . 4 5 ~ 1 0 ~  8( 5 0 5 p  net data) and 5 . 5 5 ~ 1 0  ( 3 3 5 ~net data) 

individuals (Table 8 . 5 - 4 )  . e 
8 . 5 . 3 . 3  Yearly. Annual ichthyoplankton entrainment estimates 

9 9were 4.15~10 ( 5 0 5 ~net data) and 6.66~10 ( 3 3 5 ~net data) 

individuals (Table 8 . 5 - 4 ) .  For the 5051~net estimates, fish eggs 

comprised 98 percent of total annual ichthyoplankton entrainment, 

f o r  the 335~1net estimates, only 86 percent. 
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TABLE 8.5-4 
ESTIMTED ICHTHYOPLANKTON ENTRAINMENT RATES 

FOR ENCINA POWER PLAMT DURING 1979 

~ 

Average Totals 
P 
Group Size Daily Monthly Yearly 

Fish Eggs 505~1 1.1iX1o7 3 . 3 8 ~ 1 0 ~  4.06~10’ 

Fish Larvae 50511 2.46x105 7 . 4 9 ~ 1 0 ~  8.99x107 

Total 1 . 1 3 ~ 1 0 ~  3 . 4 5 ~ 1 0 ~  4.15~10’ 

1ankton Mesh (Number of Individuals) 

7

Fish Eggs 335p 1.57~10 4.78x108 5.74~10’ 


Fish Larvae 33511 2 . 5 2 ~ 1 0 ~  7.66x107 9.19x108 


Total 1.82x107 5.55x108 , 6.66~10’ f 5-3 
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8.6 DISCUSSION 

Table 8.6-1summarizes the available daily entrainment 

estimates for the San Onofre Nuclear Generating Station (8-2), 

the Potrero Power Plant (8-3) ,  and the Encina Power Plant. All 

three studies employed plankton pump systems; however, different 

mesh data are reported in each case. The San Onofre entrainment 

study used 20211 mesh nets, the Potrero study presents data from 

combined 335p and 505p mesh sampling, and the Encina study pre

sents separate 3351~and 505p mesh estimates. These differences 

limit the degree of power plant comparisons. 

The entrainment data for San Onofre are consistently higher 


than comparable data for either Potrero or Encina. The small 


mesh size employed in the San Onofre study is most likely respon


sible. l-lysidaceaentrainment estimates for San Onofre were ex


tremely large in comparison with the other power plants' data 


and this may be due to extensive deep water and nighttime sam


pling carried out in that study. 


Potrero estimates generally fall between the 335p and 505p 

mesh estimates of the Encina study. At Potrero, 505p mesh sam

pling was carried out during the first half of the study year, 

335p mesh sampling was performed in the second half, and the 

mesh data were combined for entrainment estimates. The roughly 

equivalent magnitude of Potrero and Encina daily entrainment 

estimates is noteworthy because Encina withdraws 2.25 times as 

much cooling water each day. 
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9 .o 
ENTRAINMENT MORTALITY 

9.1 ABSTRACT AND SUMMARY 

Entrainment mortality was evaluated twice during the year; 

once during warm summer ambient temperatures (September) and once 

during cold winter ambient temperatures (December) . Phytoplank

ton samples were collected with water bottles. Ichthyoplankton 

and zooplankton samples were collected by plankton pump and lar

val tables. The mesh size used in sampling was 335p in order to 

retain sufficient quantities of organisms for analysis. During 

each of the two sample periods experiments were run to examine: 

(1) Thermal and mechanical effects, and 

(2) Thermal, mechanical, and chemical (chlorination) 

effects of entrainment. 

Subtracting results of (1) from (2) above gave the mortality 

effects due to chlorination. Samples were examined for primary 

productivity (light-dark bottle), pigment analysis, initial mor

tality and delayed mortality (96 hr). 

These experiments permitted assessment of seasonal (summer, 

winter) and chemical (chlorination) influences on the magnitude 

of plankton mortality induced by entrainment through the power 

plant: 

0 	 The chemical and seasonal effects of entrainment 

on phytoplankton productivity and biomass were 

negligible in most experiments (Tables 9.4-1,9 . 4 - 2 ) .  
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In one of the four experiments, a 14 percent de

crease in chlorophyll -a was observed. This level 

of reduction is considered to have a negligible 

effect on the receiving water ecosystem (9-1). 

e 	 The effect of chlorination on entrainment mortality 

for zooplankton and ichthyoplanktm was generally 

statistically insignificant in both summer and 

winter seasons. 

0 	 Summer entrainment mortality rates observed f o r  

zooplankton were consistently higher than the 

winter rates. The summer rate for Acartia tonsa 

was 66 percent; the winter rate was 33 percent. . 

These results are in agreement with reported find

ings (9-2) of lethal thermal limits for Acartia 

tonsa which are approached in summer due to higher 

ambient temperatures coupled with temperature 

increases resulting from condenser passage. 

e 	 No viable ichthyoplankton larvae were recovered at 

the discharge in any of the experiments and there

fore the mortality rate was 100 percent for larval 

fish in both summer and winter seasons. The results 

of fish egg experiments in the present study indi

cated mortality rates of 87 percent in summer and 

62 percent in winter. 

0 	 Total mortality estimates were computed for 335 

and 5 0 5 ~mesh entrainment data. The total mortality 



of organisms during entrainment over a 290 day 

period according to 3 3 5 ~mesh net data were 
9 tonsa 4 . 0 ~ 1 0  individuals of5.3~10 Acartia -’ 9 

9other zooplankton species, and 4 . 4 ~ 1 0  ichthyo-
I 

plankton larvae and eggs. The total mortality of 

organisms during entrainment over a 338 day period 
8according to 505p mesh net data were: 9.8~10 

9Acartia tonsa, 2.0~10 individuals of other 

zooplankton species and 3 . 3 ~ 1 0 ~ichthyoplankton 

larvae and eggs. 

a 	 Predation studies within the intake tunnels indi

cated predation within the intake system was neg

ligible (Encina minimizes biofouling by routine 

thermal treatments) (Table 9 . 5 - 4 )  . 

0 	 Total entrainment mortality estimates for various 

plankton groups were compared with the total numbers 

available in the outer lagoon. It was found that, 

in general, amounts equivalent to 12 to 30 percent 

of the outer lagoon standing populations were killed. 

during entrainment on an annual basis. This does 

not take into account the replenishment of lagoon 

populations from offshore during tidal cycles and 

recruitment from populations within the lagoon, 

which if considered would make the percentages 

smaller. 
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9 . 2  IIISTORICAL INlWRMATION/ INTRODUCTION 

Entrainment mor t a l i t y  s t u d i e s  have been car red  out  f o r  many 

power p l a n t s  on the  e a s t  coas t  and i n  midwestern United States;  

however, t h e r e  a r e  few published r e p o r t s  of mor t a l i t y  s tud ie s  f o r  

w e s t  coas t  power p l a n t s .  

The r e s u l t s  of t he  f i r s t  316(b) demonstration performed f o r  

a w e s t  coas t  power p lan t  has r ecen t ly  been published ( 9 - 3 ) .  The 

Pot re ro  Power P lan t ,  located on San Francisco Bay, i s  a t h r e e  

u n i t  f o s s i l  f u e l  f a c i l i t y  with a generat ing capac i ty  of 335 BIW 

and a cooling water capac i ty  of  352.8 mgd. It w a s  es t imated t h a t  

25 percent of t h e  entrained organisms were l o s t  during t r a n s i t  

through t h e  p l a n t .  In  a twelve month period from 1975 t o  1979, 

3 . 8 7 ~ 1 0  96 f i s h  eggs and l a rvae  and 2 .173~10  inve r t eb ra t e s  were 

est imated t o  d i e  a s  a r e s u l t  of entrainment (9-4) .  

Two recent  r epor t s  (9-5,  9-6) concern t h e  San Onofre Nuclear 

Generating S ta t ion  (SONGS) which i s  loca ted  on the  southern 

Ca l i fo rn ia  coast  and employs an of fshore  in take  and discharge 

cool ing water system. This p l a n t ,  a t  p re sen t ,  with one u n i t  

opera t ing ,has  a generat ing capac i ty  of 450 MW and a cool ing water 

capac i ty  of 450 mgd. Over a t y p i c a l  24 h r  per iod ,  i t  w a s  e s t i 
9mated t h a t  1 . 6 6 2 ~ 1 0  en t ra ined  inve r t eb ra t e s  w e r e  l o s t  (9-7) .  

On an annual b a s i s ,  1.31~10'~ent ra ined  mysids were k i l l e d  i n  
81976-77 (9-8) and 8 . 7 5 ~ 1 0  f i s h  la rvae  were en t ra ined  i n  1978 

(9-9).  A t  t h e  present  t i m e ,  t hese  are the  only published mortal

i t y  s tud ie s  f o r  west coas t  power p l a n t s .  
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The following paragraphs discuss the theoretical approach 


to entrainment mortality assessment and aspects of the sampling 


design. 


It is important in entrainment mortality assessments to (1) 


identify the various sources of mortality that may occur and (2) 


recognize the limitations of the assessment approach. 


Equations (1) and (2) below represent simplified models 

expressing major mortality components for ichthyoplankton and 

zooplankton studies: 

MI
exP 	

is the mortality found by experimentation at the 


intake station. 


'{Inat 1 is the mortality due to natural causes, pre-plant. 


M1samp is the mortality due to sampling at the intake 


station. 


m�!Xp is the mortality found by experimentation at the 


discharge station. 


MD,atl is the mortality due to natural causes within 


the plant. 


% m p  	is the mortality due to sampling at the discharge 


station. 
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IqDpred is mortality due to predation within the plant 

and 

Mcond is the mortality due to thermal, mechanical and 

chemical effects of pump and condenser passage. 

The common practice in estimating entrainment mortality is 

to treat MIe*P as a control value and subtract it from Mnexp. 

However, this method involves simplifying assumptions. If equa

tion (1) is subtracted from equation (2) ,  the resulting equation 

is : 

-
’‘entrain 

= M
exP 

- MI
exP - mnatl + p.fi)samp- M1samp 

+ 

Mpred i-Mcond (3 )  

Where: 


Mentrain is the estimate of entrainment mortality. 


Natural mortality occurring during plant passage (MDnatl) 


is generally considered insignificant because plant transit times 

-are relatively short term. It is also assumed that MDsamp -

MI s amp’ however, this has not been proven. Mortality induced by 

sampling organisms presumably weakened by condenser passage will 

generally be higher than mortality induced by sampling pre-plant 

organisms (9-10). Estimating this difference in mortalities 

would require extrapolation from laboratory simulation experi

ments. It should a l so  be recognized that, in this approach, it 

is not known how many discharge organisms presumed to be killed 

by sampling were actually killed by entrainment. In addition, 
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-- 

0 
the higher MIsamp is, the lower, by definition, the estimate of 


Mentrain will be. Thus, this approach yields a minimum entrain

ment mortality estimate. Survival estimates based on this 

approach (e.g., Ecological Analysts 1980) are, therefore,maximum 

survival estimates and should be so designated. 

A s  a consequence of the preceding considerations, initial 

mortality rate estimates in this study were calculated using the 

following equation: 

% live at dischargeInitial Entrainment Mortality Rate = 1 - 9 live at intake " 

( 4 )  (from 9-11) 

This method is considered more robust than evaluating entrainment 


mortality by subtracting the discharge fraction of live organisms 


from the intake fraction (9-12,9-13).

0 

The term Mpred is rarely considered in entrainment studies 

and its influence on mortality has only recently been assessed 

( 9 - 1 4 ) .  At the Encina Power Plant, travel distances to and from 

each unit vary (Table 9 . 2 - 1 )  and predation will presumably cor

relate with travel distance. Therefore, attempts will be made 

to estimate the magnitude of l'lpred for each unit in the Encina 

plant. 

The final term in equation ( 3 ) ,  Mcond, may be expressed as: 

-
Mcond - Mtherm i-Mchem + %ech ( 5 )  

Where: 
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Mtherm is the mortality due to thermal effects of 


condenser passage. 


"chem 	 is the mortality due to chemical effects of con


denser passage (chlorine and anti-corrosive addi


tives). 


and 


"mech 	 is the mortality due to mechanical effects of con


denser passage (pressure changes, physical sheer 


forces, mechanical damage, etc.). 


These components act synergistically on entrainment mortali


ty; however, there are an increasing number of studies performed 


that attempt to assess one or more of these factors. 


The approach used involves assessing entrainment mortality 

during full plant operation followed by a repeat assessment when 

either power generation is shut down, eliminating Mtherm' or when 

the anti-fouling injection system is interrupted, eliminating 

Mchem. Results of such studies indicate that mechanical stress 

"'me ch) is generally the major source of mortality for plankton 

passing through a power plant unit (9-15). 

The magnitude of Mthem usually varies seasonally: as 


ambient water temperature increases, *therm becomes more impor


tant. The current explanation for seasonal changes in magnitude 


of entrainment mortality is as follows: Thermal research indi


cates that organisms will die if exposed to certain, species-


specific, elevated temperatures (9-16). Upon entrainment, 
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planktonic organisms are subjected to extreme, rapid increases 


in water temperature. If the increase does not surpass the or


ganism's upper lethal temperature limit, entrainment mortality 


will be reduced. Therefore, during winter conditions of low 


ambient water temperatures, the probability that the temperature 


increase induced by condenser passage will surpass the upper 


lethal temperatures for most of the entrained organisms is low, 


and entrainment mortality is expected to be relatively low. On 


the other hand, in summer, high intake temperatures, coupled with 


temperature increases induced by condenser passage, increase the 


probability that a majority of the entrained organisms will be 


subjected to temperatures exceeding their upper lethal limit. 


During this season, entrainment mortality should be relatively 


high. Therefore, the maximum temperature that entrained organ-

/ -~ 

isms experience is considered the critical influence on the ther
..-_---I_- z 

mal component of entrainment mortality. Under conditions where 
/ 

critical high temperatures are not approached, the change in 


water temperature during entrainment will be a more important 


influence on mortality. 


Chemical additives are also considered an important influ

ence on mortality within the Plant (9 -17) ,  but in the receiving 

water ecosystem, chemical effects are considered to decrease 

rapidly due to dilution and chemical decay (9-18). In the 

present study, Mchem was estimated by performing assessments with 

and without the chlorination system operating. 
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The effect of entrainment on phytoplankton was assessed by 


comparing pigment concentrations and productivity data of pre


and post-entrainment phytoplankton samples. 

d 
 i 


Sampling Design 


The accuracy of entrainment mortality estimation relies on 1 
I 

sampling the same water mass before and after entrainment. In 


order to accomplish this, the residence time of the average water 

parcel within the plant must be estimated. Residence time is 


defined as the average amount of time necessary for a water par

cel to pass completely through the power plant cooling system. 

The estimate was calculated by considering travel distance, 

current flow and water volume of each unit. 


At the Encina Power Plant, travel distances to and from each 

unit vary (Table 9.2-1) .  Current flow measurements within the 

Plant at various tidal stages indicate that intake currents for 

the whole plant average 0.29 m/sec. The range in flow rates is 


from 0.27 n/sec (Units 4 and 5) to 0.31 m/sec (Units 1-3). No 

discharge flow rates could be directly measured; however, inspec

tion of the blueprints for the Power Plant indicates that the 


discharge tunnel is approximately one-half as large as the intake 


tunnels. Therefore, discharge flow rate was assumed to be twice 


as large as the average intake flow rate (0.29 m/sec) or 0.58 

m/sec. 

The average values for total transit time for each unit are 

listed in Table 9.2-1.  If all the units had equivalent flow@ 
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volumes, the average residence time would be the mean value for 

all the units or 25.2 min. However, flow volumes for Units 4 

and 5 are equivalent in magnitude and each of these units has a 

flow volume equal to Units 1-3  combined. Therefore, a weighting 

factor must be included which takes flow volume into considera

tion (9-19). Column 9 of Table 9.2-1 lists flow volume weighting 

factors �or each unit. Total average transit time for each unit 

was multiplied by the appropriate factor. The resulting numbers 

were summed to produce a volume-weighted average residence time 

of 28 min. Consequently, discharge sampling was performed 28 

min after intake sampling for all studies. 

The magnitude of two influences on entrainment mortality 

were estimated at the Encina Power Plant--ambient water tempera

ture and chlorination. It is generally though as ambient water 

temperature increases, the probability of entrainment mortality 

increases. The accepted explanation for this observation is 

that, as ambient water temperature increases, the probability 

increases that the thermal addition induced by condenser passage 

w i l l  subject entrained organisms to water temperatures exceeding 

lethal thermal limits ( 9 - 2 0 ) .  In an effort to .estimatethe 

range of magnitude of the seasonal influence on entrainment mor

tality, sampling was performed during periods of maximum and 

minimum ambient water temperatures (September and December, re


spectively). 


Chlorination influences on entrainment mortality were esti


mated during maximum and minimum temperature periods by 




0 
performing assessments with and without the chlorine injection 


system in operation. 
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9 . 3  METIIODOLOGY 

Sampling for entrainment mortality studies was carried out 

in September and December, 1979, at intake and discharge sta

tions. Assessments were made with and without chlorination. All 

sampling was performed at night because preliminary studies in 

Agua Hedionda Lagoon indicated that larval fish distributions 

were spread throughout the water column at night. Intake and 

discharge sampling were separated by the estimated 28 min resi

dence time a water parcel spends in transit within the Plant. 

Phytoplankton samples were randomly taken at intake and dis

charge stations. Each sample supplied aliquots for primary pro

ductivity incubations and pigment analyses. Primary productivity 

was estimated using the light/dark oxygen method. Concentrations 

of pigments (chlorophylls a, b and c, and phaeopigments) were. 

estimated spectrophotometrically. 

Zooplankton and ichthyoplankton samples were collected with 

plankton pumps which were coupled with specially designed Sam

plers-.  Multiple pump and net samples were taken simultaneously 

at intake and discharge stations for mortality assessments. Live 


and dead organisms were counted. 
 In delayed mortality assess


ments, live organisms were held for up to 96 hours. 


Two assessments of the magnitude of predation occurring 

within the intake channels were performed. Replicate pump san

p l e s  were simultaneously collected at the intake and at each of 

the main forebays leading into the various units. Plankton 

abundances were compared f o r  indications of predation. 



Deta i led  methodology for all mortality assessments i s  con

t a ined  i n  Appendix B (Section 17 .2 -5 ) .  
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9 . 4  PHYTOPLANKTON 

The results of entrainment studies on phytoplankton produc

tivity and biomass are discussed in the following sections and 

compiled in Tables 9 . 4 - 1 ,  and 9 . 4 - 2 .  
, 

9 . 4 . 1  Thermal and Mechanical Effects 

Two assessments were performed when the Plant chlorination 

system was not operating. In these studies, the thermal and 

mechanical effects of entrai-nmenton phytoplankton were assessed. 

Table 9 . 4 - 3  is a summary of the plant operational character

istics during phytoplankton sampling for the entrainment survival 


studies. Information was'compiled from Encina daily basement 


l o g s ,  direct measurements at Station D (the sampling station on 

the discharge side of the Plant) and cooling water data supplied 

by SDG&E. Text descriptions of temperature data below are 

approximate, detailed data are contained in Table 9 . 4 - 3 .  .i 

The average intake water temperature for all units during 


sampling for the 15 September 1 9 7 9  no chlorination run was 23 C 

( 7 4  F). Average cooling water temperature immediately after 

condenser passage was 32  C ( 9 0  F) and the average change in water 

temperature induced by condenser passage was 9 C (16 F). Unit 4 

was off-line during this sampling period and the total water flow 

rate for the plant was 7 9 . 9  million liter/hr ( 2 1 . 1  mgh) (Table 

9 . 4 - 3 ) .  

The average intake water temperature for all units during 

sampling for the 2 December 1 9 7 9  no chlorination assessment wa's 
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15 C (59 F). Average cooling water temperature immediately after 0 
condenser passage was an average of 23 C (73 F). The average 


change in water temperature, induced by condenser passage was 


8 C (14 F) which was the lowest average temperature change obser


ved during experimentation. Unit 2 was off-line during this 


sampling period and total water flow rate during sampling was 


114.5 million liters/hr (30.25 mgh) (Table 9.4-3). 


9.4.1.1 Light/Dark Bottle Determination. Primary productivity 

values were estimated by the light/dark bottle oxygen technique 

(9-21). Forty samples taken 15 September 1979 were incubated at 

ambient water temperatures of 22.8-23.3 C (73-74 F) for 8 

hours. Samples taken 2 December 1979 were incubated 12 hours 

at water temperatures of 15-15.2 C (59-59.4 F) (Figure 9.4-1). 

Insolation data during the September and December incubations are 

graphically presented in Figure 9.4-2. 


9.4.1.1.1 Intake Collections. The average net primary pro

ductivity estimate for intake samples collected 15 September 

1979 was 5.4 -1- 15.7 mgC fixed/m3/ hr. Samples collected 2 

December 1979 gave an estimate of 8.4 * 7.2 mgC fixed/m3/hr 
(Figure 9.4-3). 

9 . 4 . 1 . 1 . 2  Discharge Collections. Discharge samples collec

ted 15 September 1979 exhibited an average net primary pro


ductivity of 26.2 k 18.6 mgC fixed/m3/hr. The 2 December 
1979 samples yielded an estirnate of 5 k 4.1mgC fixed/m3/hr 

(Figure 9.4-3). 
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Intake and discharge values for the 1 5  September 1979  

period were significantly different (Mann-Whitney U-test, 

ct = 0.05, ( 9 - 2 2 ) .  Average net productivity after entrain

ment was observed to be approximately five times higher 

than the control (intake) average. Intake and discharge 

values for the 2 December 1 9 7 9  experiment were not signifi

cantly different (Table 9 . 4 - 1 ) .  

9 . 4 . 1 . 2  w e n t  Analyses. Pigment concentrations were deter

mined spectrophotometrically using acetone extraction (9-23). 

Data are compiled in Table 9 . 4 - 2 .  

9 . 4 . 1 . 2 . 1  Intake Collections. The average concentration of 

chlorophyll -a in the 1 5  September 1979  intake samples was 

2 . 1 8  f 0.35 mg/m3 (Figure 9 . 4 - 4 ) .  The average estimate of 

chlorophyll -a after acidification was 1 . 1 6  % 0 . 2 2  mg/m3 

(Figure 9 . 4 - 5 ) .  Phaeopigments averaged 1 . 7 2  2 0.36 mg/m3 . 

The 2 December 1979  intake sam?les yield average values of 

. 1 . 2 5  2 0 . 1 3  mg chlorophyll -a/m3 , 0.91 % 0 . 2 2  mg chlorophyll 

-a/m3 after acification, and 0.59 5 0 . 2 6  mg phaeopigments/m3 

(Figure 9 . 4 - 6 ) .  

9 . 4 . 1 . 2 . 2  Discharge Collections. The 1 5  September 1 9 7 9  

discharge samples yielded an average of 2 . 1 9  5 0 . 4 2  mg 

chlorophyll -a/m3 , 1.36 t 0.87 mg chlorophyll -a/m3 after 

acidification, and 1 . 4 7  rt 0.61mg phaeopigments/m3 (Figures 

9 . 4 - 4  through 9 . 4 - 6 ) .  The average pigment concentrations 

000697 
9-25 



for 2 December 1979  discharge samples were: 1 .08  2 0.09 mg 

chlorophyll -a/m3 , 0 . 9 2  .t 0 . 1 9  mg chlorophyll -a/m3 after 
acidification, and 0.28 2 0 . 2 0  mg phaeopigments/m3 (Figures 

9.4-4 through 9 . 4 - 6 ) .  

Intake and discharge values for chlorophyll -a (trich
romatic method), chlorophyll 5 (acid technique) and phaeo

pigments from the 15 September 1 9 7 9  assessment were not 

significantly different (Mann-IJhitney U-test). In the 2 

December 1979  experiment, trichromatic chlorophyll -a was 

observed to significantly decrease by an average of 14 

percent between intake and discharge samples. Acid-


determined chlorophyll -a values from intake and discharge 
samples were not significantly different, but phaeopigment 

values were observed to significantly decrease by an average 

of 53 percent between intake and discharge samples (Table 

9 . 4 - 2 ) .  

9 . 4 . 2  Thermal, Mechanical, and Chemical Effects 

Two assessments were performed when the plant chlorination 

system was operating. In these studies the thermal, mechanical 

and chemical effects of entrainment on phytoplankton were asses

sed. 

The average intake water temperature for all units during 

sampling,for the 27 September 1979 chlorination experiment was 

19 C (66  F). Average water temperature immediately after con

denser passage during this period was 28 C ( 8 3  F). The resulting 

average change in temperature induced by condenser passage was 
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0 

9 C (17  F) (Table 9 . 4 - 3 ) ,  which was the highest average tempera

ture change observed during experimentation. All units were 

operational during the sampling period and the total water flow 

rate was 1 2 5 . 3  million liters/hr ( 3 3 . 1  mgh). 

The average water temperature for all units during sampling 

for the 11 December 1979  chlorination run was an average 17  C 

( 6 2  F). Average water temperature immediately after condenser 

passage was 25 C (77 F). The average change in water temperature 

induced by condenser passage was 8 C (15 F) (Table 9 . 4 - 3 ) .  All 

units were on-line during sampling and the total water flow rate 

was 125.3 million liters/hr ( 3 3 . 1  mgh) . 

9 . 4 . 2 . 1  Light/Dark Bottle Determination. Samples collected 27 

September 1 9 7 9  were incubated for eleven hours at ambient water 

temperatures of 1 8 . 3 - 1 9 . 4  C (65-67  F). The 11 December 1979  

samples were incubated for 12 hours at water temperatures of 

1 6 . 1 - 1 7 . 2  C ( 6 1 - 6 3  F) (Figure 9 . 4 - 1 ) .  Insolation data for those 

experiments are graphically presented in Figure 9 . 4 - 2 ) .  

9 . 4 . 2 . 1 . 1  Intake Collections. Intake samples collected 27 

September 1 9 7 9  yielded an average net productivity estimate 

of - 2 . 5  ?r 13.1mgC fixed/m3 /hr. An average net productivity 

value of - 1 . 9  * 5.3  mgC fixed/m3 /hr was estimated for the 11 

December 1 9 7 9  intake samples (Figure 9 . 4 - 3 ,  Table 9 . 4 - 1 ) .  

Negative productivity values signify that respiration 

exceeded productivity during the incubation period (see 

Discussion). 
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9 . 4 . 2 . 1 . 2  Discharge Collections. Discharge samples collec

ted 27 September 1979  gave an average net productivity 

estimate of 0 . 2  2 6 . 8  mgC fixed/m3 hr. The 11 December 1979  

discharge samples yielded an average net productivity esti

mate of - 0 . 9  5 6 . 3  mgC fixed/m3/hr (Figure 9 . 4 - 3 ,  Table 

9 . 4 - 1 ) .  

Intake and discharge values for the 27 September 1 9 7 9  

period were not significantly different (Mann-Whitney U

test). In the 11 December 1 9 7 9  assessment, no significant 

difference was observed between intake and discharge samples 

(Table 9 . 4 - 1 ) .  

9 . 4 . 2 . 2  Pigment Analyses. Pigment data for the September and 

December chlorination runs are compiled in Table 9.4-2 

9 . 4 . 2 . 2 . 1  Intake Collections. The average concentration of 

chlorophyll -a in the 27 September 1979  intake samples was 

1 . 9 8  2 0.31 mg/m3 (Figure 9 . 4 - 4 ) .  Chlorophyll -a concentra
tion after acidification averaged 0 . 9 8  +_ 0 . 2 8  mg/m3 

(Figure 9 . 4 - 5 ) .  Phaeopigments averaged 1 . 5 5  t 0 . 3 6  mg/m3 

(Figure 9 . 4 - 6 ) .  The 11 December 1979  intake samples yielded 

average values of 0.93 -+ 0 . 0 9  mg chlorophyll -a/m3 , 0 . 9 6  t 

0 . 2 4  mg chlorophyll -a/m3 after acidification, and phaeopig

ments were undetectable (Figures 9 . 4 - 4  through 9.4-6). 

9 . 4 . 2 . 2 . 2  Discharge Collections. The 27 September 1 9 7 9  

discharge samples yielded averages of 1 . 7 7  2 0.13 mg 



chlorophyll -a/m3 , 0.83 t 0 . 2 3  mg chlorophyll -a after acidi

fication, and 1 . 0 9  rf: 0.51 mg phaeopigments/m3 (Figures 

9 . 4 - 4  through 9 . 4 - 6 ) .  The average pigment concentrations 

for 11 December 1979  discharge samples were: 0 . 9 0  2 0 . 1 4  mg 

chlorophyll -a/m3 , 1.14 t 0 . 3 3  mg chlorophyll -a after acidi

fication, and phaeopigments were undetectable (Figures 9 . 4 

4 through 9 . 4 - 6 ) .  

In the 27 September 1979  assessment, intake and dis

charge values for chlorophyll -a determined by either method 

were not signicicantly different (Mann-’Xhitney U-test). 

Phaeopigments during this period were significantly reduced 

by an average of 30 percent from intake to discharge sam

ples. In the 11 December 1979 experirnent, intake and dis

charge values for chlorophyll -a determined by either method 
were not significantly different, and phaeopigments were 

undetectable (Table 9 . 4 - 2 ) .  

0 
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9.5 INVERTEBRATE ZOOPLANKTON 


Table 9.5-1 summarizes the results of immediate and latent 


mortality analyses for each plankton group studied. The copepod 


Acartia tonsa was designated as a critical species in this study 


and comprised the most abundant invertebrate group investigated. 


The remaining invertebrate groups studied were taxonomic conglom


erates: other copepod species, decapods, other crustacea, 


mysids, chaetognaths, and other zooplankton species combined. 


Appendix Tables 16.3-62 and 16.3-63 summarize the species com


positions of these groups cdllected for immediate and latent 


mortality assessments. All groups were not collected during 


every experiment. Immediate mortality and latent mortality 


(after incubation) were statistically analyzed using Cochran's 

test ( 9 - 2 4 ) .  

9.5.1 Thermal and Mechanical Effects 


Two assessments (14-18 September 1979 and 1-5 December 1979) 


were performed while the plant chlorination system was not opera


ting in order to assess thermal and mechanical effects on en


trained invertebrate zooplankton. 


The average intake water temperature for all units during 

sampling for the 14-18 September 1979 no chlorination run was 

24 C (75 F). Cooling water temperature imqediately after con

denser passage averaged 34 C (93 F). Therefore, the average 

change in water temperature was 10 C (18 F). Discharge water 

temperature at Station D was 30.5 C (87 F) (Table 9.5-2, Figure 
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9.5-1). Inspection of the basement log for Unit 4 revealed a 

constant decrease in.water temperature from 32.2 C (9Cl F) to 

20 C ( 6 8  F) on the discharge side of the condensers during the 

first 6 hr of sampling. The unit was off-line during the final 

3 hr of sampling. The average change in water temperature for 

Unit 4 during this period, 5.2 C (9.3 F), was the lowest observed 

for any unit during the four experiments. The average change in 

water temperature for all units exclusive of Unit 4 was 1 1 . 5  C 

(20.7 F). The total water flow rate with all five units on-line . 

was 1 2 5 . 3  million liters ( 3 3 . 1  mgh). After Unit 4 went off-line, 

flow rate decreased to 79.9 million liters/hr ( 3 1 . 1  mgh) (Table 

9.5-2 ,  Figure 9 . 5 - 1 ) .  

Intake water temperature for all units during sampling for 

the 1-5 December 1979 no chlorination run averaged 15 C (59 F). 

Water temperature immediately after condenser passage during 

this period averaged 25 C (77 F). The average change in tempera

ture during sampling for this run was 10 C (18 F). Water tenper

ature at Station D during this period was 23 C (74  F). Unit 2 

was off-line the entire sampling period and therefore water flow 

rate was only 114 .7  million liters/hr (30.3 mgh) (Table 9 .5 -2 ,  

Figure 9.5-1). 

9 . 5 . 1 . 1  Initial Survival. Initial survival assessments without 

the chlorination system operating were performed 14 September 

1979 and 1 December 1979 .  In each assessment, approximately 32 

m3 of water were sampled at intake and discharge stations. 
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e 9 . 5 . 1 . 1 . 1  Intake Collect ion.  In  the  14  September 1979 

assessment,  95 percent of 109 Acart ia  tonsa,  81 percent  of 

74 ind iv idua ls  of o ther  copepod spec ies ,  100 percent of 15 

decapod la rvae ,  100 percent of 33 other  c rus tacea ,  100 per

cent  of one mysid, seven (88 percent) of e igh t  chaetognaths 

and 95 percent of 256 ind iv idua ls  of o ther  zooplankton spe

cies were co l l ec t ed  a l i v e  a t  t h e  in take  (Table 9.5-1,  

Figures  9.5-2 through 9.5-5).  

I n  the  1 December 1979 experiment, 60 percent of 212 

Acar t ia  tonsa,  82 percent of 158 ind iv idua ls  of o ther  cope-

pod spec ie s ,  1 0  (83 percent) of 1 2  decapod l a rvae ,  100 per

cent  of th ree  o ther  c rus tacea ,  0 percent of 1 mysid, 0 

percent  of 1 chaetognath,  and 95 percent of 199 ind iv idua ls  

of o t h e r  zooplankton species  w e r e  recovered a l i v e  a t  t h e  

in t ake  (Table 9.5-1, Figures 9.5-2 through 9.5-5) .  

a 

9.5 .1 .1 .2  Discharge Collect ion.  In the  14 September 1979 

assessment,  7 percent of 131 Acar t ia  tonsa,  1 7  percent  of 42 

ind iv idua ls  of o ther  copepod spec ie s ,  40 percent of 25 

decapod l a rvae ,  40 percent of 25 o ther  c rus tacea ,  15 per

cent  of 20 mysids, 0 percent of 4 chaetognaths,  and 14 per

cent of 28 ind iv idua ls  of o the r  zooplankton species  w e r e  

co l l ec t ed  a l i v e  a t  t h e  discharge (Table 9.5-1,  Figures 9.5-2 

through 9.5-5).  

I n  the  1 December 1979 experiment, 73 percent of 390 

Acart ia  tonsa,  87 percent of 95 ind iv idua ls  of o t h e r  
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cc)ycpod spec ie s ,  83 percent of  18 decapod l a r v a e ,  10 (91 per

cent)  of  11 o the r  c rus tacea ,  1 2  (75 percent)  of 16 mysids,  and 

76 percent  of 185 ind iv idua ls  of o t h e r  zooplankton spec ies  were 

recovered a l i v e  a t  t he  discharge (Table 9.5-1,  Figures 9 . 5 - 2  

through 9 .5-5) .  Chaetognaths were no t  c o l l e c t e d  during d i s 

charge sampling. 

In  t h e  14 September 1979 assessment,  t h e  d i f f e rences  i n  

percent i n i t i a l  surv iva l  of Acar t ia  tonsa between in t ake  and 

discharge samples was s i g n i f i c a n t  (Cochran’s t e s t )  and t h e  

est imated mor ta l i ty  r a t e  w a s  0.93 (Table 9 .5 -1 ) .  Calculated 

i n i t i a l  mor t a l i t y  r a t e s  f o r  t h e  remaining i n v e r t e b r a t e  zooplank

ton groups were - o the r  copepod spec ie s :  0 .79,  s t a t i s t i c a l l y  

s i g n i f i c a n t ;  decapod l a r v a e :  0 .60 ,  s i g n i f i c a n t ;  o t h e r  

c rus t acea :  0 . 6 0 ,  s i g n i f i c a n t ;  mysids: 0 .85,not  S ign i f i can t ; ’  

chaetognaths:  1 . 0 0 ,  s i g n i f i c a n t ;  and o t h e r  zooplankton spec ies :  

0 .85 ,  s i g n i f i c a n t  (Table 9.5-1).  

In  t h e  1 December 1979 experiment,  t h e  following i n i t i a l  

mor t a l i t y  r a t e s  were c a l c u l a t e d  - Acar t ia  tonsa :  0 . 2 2 ,  no t  

s i g n i f i c a n t ;  o the r  copepod s p e c i e s :  0 .05,  not  s i g n i f i c a n t ;  

decapod l a rvae :  0 .00 ,  not  s i g n i f i c a n t ;  o the r  c rus t acea :  0 . 0 9 ,  

no t  s i g n i f i c a n t ;  mysids: 0 .00 ,  not s i g n i f i c a n t ;  and o t h e r  

zooplankton spec ie s :  0.20, s i g n i f i c a n t  (Table 9 .5 -1 ) .  

9-38 




0 
9 .5 .1 .3 .  Delaycd. Delayed effects on mortality induced by 

thermal and mechanical components of entrainment were assessed 


14-18 September 1979 and 1-5  December 1979.  Sampling was per

formed 14 September 1979 and 1 December 1979 when the chlorina

tion system was not operational. The results of bioassays re


ported are values observed at the end of 96 hr of incubation, 

except where indicated. 

The ambient water temperatures experienced by ichthyoplank

ton and zooplankton during incubations for latent survival 

analyses of thermal and mechanical effects of entrainment are 

graphically presented in Figures 9 . 5 - 6  and 9 . 5 - 7 .  Appendix 

Table16.2-64contains a summary of data for all experiments. 

The incubation water temperature range during the 1 4 - 1 8  

September 1979 no chlorination run was from 20.5 to 26 C (68.9 to 

78.8 F). The average temperature fluctuation during incubation 


was 2.2 C ( 4 . 0  F) with a range from 0.5 to 4 . 0  C ( 0 . 9  to 7 . 2  F ) .  

A total of 17 fluctuations occurred during the course of incuba

tion.‘ The mean value of all temperature data was 2 4  C (75 F) 

during this experiment (Figure 9 . 5 - 6 ) .  

The incubation water temperature range during the 1-5 

December 1979 no chlorination run was from 8 to 1 1 . 2  C ( 4 6 . 4  to 

5 2 . 2  F). The average temperature fluctuation was 1.2 C (2.2 F) 

with a range from 0.5 to 2.0 C ( 0 . 9  to 3 . 6  F ) .  There were a 

total of 16 fluctuations observed during incubation. The mean 

vaiue of a l l  temperature data during this incubation was 9 . 6  C 

( 4 9 . 3  F) (Fiwre 9.5-7)0 
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9 . 5 . 1 . 2 . 1  Intake Sample Bioassay. In the 14-18  September 

1 9 7 9  intake bioassays, the following results were observed: 

0 percent of 14 Acartia tonsa, 0 percent of 24  individuals 

of other copepod species, 4 percent of 23 decapod larvae, 

7 1  percent of 14 other crustacea, and 33 percent of 15  

individuals of other zooplankton species were alive at the 

end of 96 hr incubations (Table 9 . 5 - 1 ,  Figures 9 . 5 - 8  

through 9 . 5 - 1 2 ) .  Mysids and chaetognaths were not collected 

in sufficient numbers for latent survival assessments. 

Approximately 1.54 m3 of waterwere sampled to generate those 

numbers of organisms. 

In the 1 - 5  December 1 9 7 9  intake bioassay, 47 percent of 

95 Acartia -'tonsa 71 percent of 17 individuals of other 

copepod species, 9 4  percent of 7 9  decapod larvae (48-hr 

incubation), and 8 4  percent of 95 mysids were alive at the 

end of incubation (Table 9 . 5 - 1 ,  Figures 9 . 5 - 8  through 

9 . 5 - 1 0 ,  9 . 5 - 1 3 ) .  Other crustacea, chaetognaths, and other 

zooplankton species were not recovered in sufficient 

numbers for latent survival assessments. Approximately 

1 9 3  m3 of water were sampled in generating the above number 

of organisms. 

9 . 5 . 1 ' . 2 . 2  Discharge Sample Bioassay. In the 14-18 Septem

ber 1979  discharge bioassays: 5 percent of 43 Acartia tons3  

19 percent of 1 6  individuals of other copepod species, 58 

percent of 7 8  decapod larvae, 38 percent of 8 other 
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crustacea, and 25 percent of 8 individuals of other zoo

plankton species were alive after 96 hr incubations (Table 

9 . 5 - 1 ,  Figures 9 . 5 - 8  through 9 . 5 - 1 2 ) .  Low numbers of mysids 

and chaetognaths precluded delayed bioassay. Approximately 

1 5 4  m3 of water were sampled. 

In the 1-5 December 1979  discharge bioassays, 0 percent 

of 7 6  Acartia tonsa, 33 percent of 1 5  individuals of other 

copepod species, 43 percent of 87 decapod larvae ( 4 8  hr 

incubation), and 41 percent of 75 mysids were alive at the 

end of incubations (Table 9 . 5 - 1 ,  Figures 9 . 5 - 8  through 

9 . 5 - 1 0 ,  9 . 5 - 1 3 ) .  Other crustacea, chaetognaths, and other 

zooplankton species were not collected in sufficient numbers 

for latent analyses. Approximately 400 n3 of water were 

sampled in generating the above number of organisms. 

9 . 5 . 1 . 2 . 3  Delayed Mortality. Differences in delayed mor

tality percentages for intake and discharge collections 

after incubation for all invertebrate zooplankton groups in 

each run were statistically analyzed using Cochran's test. 

In the 14-18 September 1979  experiment, statistical 

analyses indicated that entrainment did not affect all the 

plankton groups in the same way during incubations. The 

differences in percent survival after incubation between 

intake and discharge collections gave estimates of the f o l 

lowing mortality rates: -0.05for Acartia tonsa, not sig

nificant; 0.19 for other copepod species, significant; 
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3 .  

-0.53 for dccapod larvae,  significnnl; 0 . 3 4  for other crus

tacea, not significant; and 0.08 for other zooplankton spe

cies, not significant (Table 9 . 5 - 1 ) .  

In the 1-5 December 1979  experiment, all plankton 

groups tested exhibited significant reductions in latent 

survival after entrainment: 0.47  for Acartia tonsa, 0 .37  

for other copepod species, 0 . 5 1  for decapod larvae, and 

0 . 4 3  for mysids (Table 9 . 5 - 1 ) .  

9 . 5 . 2  Thermal, Mechanical and Chemical Effects 

Two assessments ( 2 4 - 2 9  September 1979  and 1 0 - 1 4  December 

1 9 7 9 )  were performed while the plant chlorination system was 

operational in order to assess thermal, mechanical, and chemical 

effects on entrained invertebrate zooplankton. 

The average intake water temperature for all units during 

sampling for the 24-29 September 1 9 7 9  chlorination run was 2 1  C 

( 7 0  F). Immediately after condenser passage, the water tempera

ture averaged,30 C (86 F). Thus, the change in water temperature 

during sampling was 9 C (16 F). Discharge water temperature at 

Station D was observed to be 29 C ( 8 4  F). All units were on-line 

throughout the sampling period and the water flow rate was 1 2 5 . 3  

million liters/hr ( 3 3 . 1  mgh) (Table 9 . 5 - 2 ,  Figure 9.5-1). 

In the 1 0 - 1 4  December 1 9 7 9  chlorination run, for all units, 

an average intake water temperature of 16 C (61 F) was observed 

during sampling. Water temperature immediately after condenser 

passage during this period averaged 27 C (81 F). The average 
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@ change in water temperature was 11 C (20 F). That was the high

est temperature change observed during experimentation. Dis

charge water temperature at Station D was 2 5 . 6  C (78 F ) .  Total 

water flow rate was 1 2 5 . 3  million liters/hr (33.1 mgh) as a l l  

units were on-line (Table 9 .5 -1 ,  Figure 9 . 5 - 1 ) .  

9 . 5 . 2 . 1  Initial Survival. Initial survival assessments during 

normal plant operations wit11 chlorination were performed 24 

September 1979 and 10 December 1979.  In each assessment, approx

imately 32 m3 of water were sampled at the intake and discharge 

stations. 

9 . 5 . 2 . 1 . 1  Intake Collection. In the 24 September 1979 

experiment, 81 percent of 41 A .  -,tonsa 76 percent of 96-

individuals of other copepod species, 100 percent of 9 

decapod larvae, 6 (86 percent) of 7 other crustacea, 5 

(56 percent) of  9 chaetognaths, and 80 percent of 117 

individuals of other zooplankton species were collected 

alive at the intake (Table 9 .5 -1 ,  Figures 9.5-2  through 

9.5-5). Mysids were not recovered at the intake during 

sampling. 

In the 10 December 1979 assessment, 72 percent of 302 

A .  tonsa, 81 percent of 9 1  individuals of other copepod 

species, 81 percent of 31 decapod larvae, 98 percent of 45 

other crustacea, 5 (71 percent) of 7 mysids and 33 percent 

of 37 individuals of  other zooplankton species were collec

ted alive at the intake (Table 9.5-1,  Figures 9.5-2 through 
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9 . 5 - 5 .  Chaetognaths were not collected during intake sam

pling. 

9 . 5 . 2 . 1 . 2  Discharge- Collection. In the 2 4  September 1 9 7 9  

experiment, 48 percent of 274  A .  tonsa, 63 percent of 64 

individuals of other copepod species, 7 ( 5 0  percent) of 14 

decapod larvae, 1 (33  percent) of 3 other crustacea, 5 ( 5 6  

percent) of 9 mysids, and 55 percent of 55 individuals of 

other zooplankton species were collected alive at the dis

charge (Table 9 . 5 - 1 ,  Figures 9 . 5 - 2  through 9 . 5 - 5 ) .  Chaeto

znaths were not collected during intake sampling. 

In the 10 December 1 9 7 9  assessment, 66 percent of 319  

A .  tonsa, 87 percent of 8 5  individuals of other copepod 

species, 100 percent of seven decapod larvae, 86 percent of 

29  other crustacea, 3 4  percent of 27 mysids, 1 chaetognath, 

and 52 percent of 58 individuals of other zooplankton spe

cies were collected alive at the discharge (Table 9 . 5 - 1 ,  

Figures 9 . 5 - 2  through 9 . 5 - 5 )  . 
In the 24 September 1 9 7 9  assessment, the calculated 

initial mortality rate of A .  tonsa was 0 . 4 0  and Significant 

(Table 9 . 5 - 1 ) .  Initial mortality rates for the remaining 

invertebrate zooplankton groups were - other copepod spe

cies: 0.18,not significant; decapod larvae: 0.50, 

significant; other crustacea: 0.62,not significant; and 

other zooplankton species: 0.31, significant (Table 9 . 5 - 1 ) .  

Mysids and chaetognaths were not captured at both intake 


and discharge stations. 


008‘73.6 
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In the 10 December 1979 assessment, the following ini

tial mortality rates were observed - A .  tonsa: 0.09, not 

significant; other copepod species: -0.07,not significant; 


decapod larvae: -0.24, not significant; other crustacea: 


0.12,not significant; mysids: 0.52,not significant; and 


other zooplankton species: -0.55,not significant (Table 


9.5-1). 


9.5.2.2 Delayed. Delayed effects induced by thermal, mechani


cal, and chenical components of entrainment were assessed 24-22 


September 1979 and 10-14 December 1979. Sampling was performed 


24 September 1979 and 10 December 1979 when the chlorination 


system was operational. The results of bioassays reported are 


@ values observed at the end of incubations. 

The ambient water temperatures experienced by test organisms 

during incubations for latent survival analyses of the thermal, 

mechanical, and chemical effects of entrainment are graphically 

presented in Figures 9.5-14 and 9.5-15. Appendix Table 1 6 . 3 - 6 4  

contains a compilation of data for all experiments. 

In the 24-29 September 1979 chlorination run',incubation 

temperatures ranged from 14 to 21.8 C (57 to 71.2 F). A total of 

13 fluctuations averaging 4 . 0  C (7.2 F) occurred during incuba

tion with a range from 2 to 5.8 C (3.6 to 10.4F ) .  The mean 

value of all temperature data during this run was 17 C ( 6 2 . 6  F) 

(Figure 9.5-14). 

In the 10-14 December 1979 chlorination run, incubation tem

peratures ranged from 6 to 12.5 C (42.8 to 54.5 F) . A total of 
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10 fluctuations occurred during the experiment with an average 

of 1 . 9  C ( 3 . 4  F) . The range in fluctuations was 0 . 3  to 5 . 3  C 

(0.5 to 9 . 5  F). The mean value of all temperature data during 

this incubation was 8.5 C ( 4 7 . 3  F) (Figure 9 . 5 - 1 5 ) .  

9 . 5 . 2 . 2 . 1  Intake Sample Bioassay. In the 24-29 September 

1 9 7 9  intake bioassays, the following results were observed: 

0 percent of 46 A .  tonsa; 0 percent of 3 1  individuals of-
other copepod species; 0 percent of 3 4  decapod larvae, 43  

percent of 7 other crustacea, and 9 percent of 34 individ

uals of other zooplankton species were alive at the end of 


incubations (Table 9 . 5 - 1 ,  Figures 9.5-11,9 . 5 - 1 2 ,  9 . 5 - 1 6 ,  

9 . 5 - 1 7 ,  9 . 5 - 1 8 ) .  Mysids and chaetognaths were not suf

ficiently abundant for latent assessments. Approximately 


175 m3 of water were sampled in generating the above number 

of organisms. 

In the 1 0 - 1 4  December 1 9 7 9  intake bioassay, 46 percent 

of 69 A .  tonsa, 33 percent of 21 individuals of other cope-

pod species, 78 percent of 103 decapod larvae, and 83 per

cent of 77 niysids were alive at the end of incubations 

(Table 9 . 5 - 1 ,  Figures 9 . 5 - 1 3 ,  9 . 5 - 1 6 ,  9 . 5 - 1 7 ,  9 . 5 - 1 8 ) .  

Other crustacea, chaetognaths, and other zooplankton spe

cies were not recovered in sufficient quantities for latent 

assessments. Approximately 212 m3 of water were sampled 

in generating the above number of organisms. 
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9 . 5 . 2 . 2 . 2  Discharge Sample Bioassay. In the 24-29 Septem

ber 1979 discharge bioassays, 0 percent of 71 A .  tonsa, 0 

percent of 22 individuals of  other copepod species, 19 per

cent of 43 decapod larvae, 34 percent of 64 other crustacea. 

and 10 percent of  29 individuals of other zooplankton spe

cies were alive at the end of incubation (Table 9.'5-1, 

Figures 9.5-11 ,  9 .5 -12 ,  9 .5-16 ,  9 .5-17 ,  9 . 5 - 1 8 ) .  Mysids 

and chaetognaths were not recovered in sufficient numbers 

for latent assessments. Approximately 175 m3 of water were 

sampled to derive those numbers of organisms. 

In the 1 0 - 1 4  December 1979 discharge bioassays, 41 .6  

percent of  101 A .  tonsa, 5 ( 4 5  percent) of  11 individuals 

of other copepod species, 54 percent of 69 decapod larvae, 

and 76 percent of 82 mysids were alive at the end of incu

bations (Table 9 .5 -1 ,  Figures 9.5-13,9.5-16 ,  9 .5-17 ,  9 .5 

18 ) .  Other crustacea, chaetognaths, and other zooplankton 

species were not collected in sufficient quantities �or 

latent assessments. Approximately 1 9 3  rn3 of water were 

sampled in generating the above number of organisms. 

9 . 5 . 2 . 2 . 3  Delayed Mortality. Differences in latent sur

vival percentages for intake and discharge collections 

after incubations for a l l  invertebrate zooplankton groups 

in each run were statistically analyzed using Cochran's 

test. 
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In the 24-29 September 1979 assessment, the difference 

ip percent survival after incubations between intake and 

discharge collections yield mortality rate estimates of 

0.00for A .  tonsa, not significant; 0.00 for other copepod-

species, not significant; -0.19for decapod larvae, signifi

cant; 0.09 for other crustacea, not significant; and -0 .02 

for other zooplankton species, not significant (Table 9 .5 

1) -
In the 10-14 December 1979 experiment, the following 

differences in survival between intake and discharge col


lections yielded mortality rate estimates of: 0.05 for 

A .  tonsa, not significant; -0.12 for other copepod species, 

not significant; 0 . 2 4  for decapod larvae, significant; and 

0.08 for mysids, not significant (Table 9.5-1) .  

Total mortality rate estimates for zooplankton for 


summer and winter seasons are compiled in Table 9.5-3. 


9 . 5 . 3  Predation 

Two assessments were performed in an effort to estimate the 

magnitude of predation on invertebrate zooplankton by nekton 

populations maintaining themselves in the intake tunnels of the 

Plant. The procedures used for those assessments are contained 

in the  Appendix methodology (Section 16.2). The first assess

ment, 19 July 1979, was performed 33 days after a tunnel recir

culation (heat treatment) and employed 335~1and 505p mesh size 

nets. T h e  second assessment was performed on 22 August 1979,  
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TABLE 9.5-3 
TOTAL MORTALITY RATE ESTIMATES FOR THE 

ENCINA POWER PLANT FOR SUMMER AND 
WINTER PERIODS I N  1979 

Group Summer Winter 
I M  DM TM I M  DM TM 

Other Zooplankton 0.58  0 . 0 4  0 . 6 1  0.10  n/d 0.10 

Other Crustacea 0 . 6 1  0 . 2 2  0 . 6 9  0 . 1 1  n/ d 0.11 

Copepoda 0 . 4 0  0 . 0 0  0 . 4 0  0 . 0 0  0.37 0 .37  

A .  tonsa 0 . 6 6  0 . 0 0  0 . 6 6  0 . 0 0  0 .24  0 . 2 4  

Mysidacea 0.85 n/ d 0.85  0 . 5 2  0 . 2 5  0 .64  

Decapoda 0.55  0.00 0.55  0 . 0 0  0.38 0.38 

0 Chaetognatha 1 - 0 0  n l d  1 - 0 0  1 * 0o1. nl d 1.00 

Fish Eggs 0.87  0.02 0.87 0 . 6 2  0.00 0.62 

Fish 1.00  - 1.00 1 . 0 0  - 1.00 

LEGEND 

I M  (% Dead) = 1 - D % Live 
I % Live 

DM (7, Dead) = 1% Live - DX Live 

TM = Total  mor t a l i t y  

tSumnier r a t e  es t imate  

n/d = no d a t a  
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2 4  days after a tunnel recirculation, and only 5 0 5 ~mesh nets 

were used. 

The 1 9  July 1 9 7 9 ,  33511 mesh data for all traveling screen 

stations (TS 1, TS 4 ,  TS 5 )  were combined and compared with 

intake data using the Mann-Whitney U-test. The 1 9  July 1 9 7 9 ,  

50511 mesh.data and the 22 August 1 9 7 9 ,  5 0 5 ~mesh data were sub

jected to the same analysis. In additioq the 505p mesh data 

from the 1 9  July 1979  and 22 August 1979  sampling runs were com

bined in order to compare the intake with individual traveling 

screens using the Mann-Whitney U-test. In a final analysis, all 

of the 50511 mesh data for .intake and traveling screen stations 

for both sampling dates were combined. Abundances at the intake. 

and the traveling screens in combination were tested for signifi

cant differences using the Wilcoxon sign rank test ( 9 - 2 5 ) .  

Results of all predation sampling are presented in Table 

9 . 5 - 4 .  In almost all cases, there was either no significant 

difference between numbers of organisms captured at the intake 

and numbers captured at traveling screens or where significant 

differences were observed, greater numbers were taken at travel

ing screens than at the intake (Table 9 . 5 - 4 ) .  Only two groups 

(fish eggs and chaetognaths) showed a decrease during one of the 

experiments which was significant (Table 9 . 5 - 4 ) .  Generally, 

there appeared to be no significant predation in intake tunnels. 
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9.6 ICHTHYOPLANKTON 


Table 9.6-1 summarizes the results of immediate and latent 

survival analyses for ichthyoplankton larvae and eggs. Data for 

a l l  ichthyoplankton species collected for an assessment were 

combined in order to generate adequate numbers for statistical 

analyses. Differences in immediate and latent reductions in 

percent survival between control (intake) and entrained (dis

charge) organisms were tested for significance (0.05 level) 

using Cochran's test. Appendix Tables 16.3-65 and 16.3-66 sum

marize the species composition of those ichthyoplankton groups 


collected for immediate and latent survival assessments. 


9.6.1 Thermal and Mechanical Effects 

Two assessments were performed while the plant chlorination 

system was not operating in order to assess thermal and mechani

,tal effects of entrainment on ichthyoplankton. 

9.6.1.1 Initial Survival. Initial survival assessments without 


the chlorination system operating were performed 14 September 


1979 and 1 December 1979. Plant operations during sampling were 


described earlier (Section 9.5-1). Assessments were made during 


peak ambient water temperatures in September and low ambient 


water temperatures in December. 


9.6.1.1.1 Intake Collection. In the 14 September 1979 


assessment, 10 of 12 larval fish collected at the intake 


were alive (Table 9.6-1, Figure 9.45-1). Of the ten live 
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fish, six were Hypsopsetta guttulata, three were family 

Clinidae and one was family Cottidae. The dead larval 

fish (n=2) were: one family Sciaenidae and one family 

Gobiidae (Appendix Table 16.3-65). For fish eggs, 100 per

cent of 345 eggs were collected alive at the intake (Table 

9.6-1, Figure 9.6-1). Approximately 97 percent of the eggs 

(n=336) were from the family Sciaenidae, the remaining 

three percent (n=9) were unidentifiable (Appendix Table 

16.3-65).Approximately 32 m3 of water were sampled in gener

ating the above numbers of organisms. 

In the 1 December 1979 experiment, 11 of 52 larval 

fish were collected alive at the intake (Table 9.6-1, 

Figure 9.6-1). Ten of the eleven live larvae were from the 

family Gobiidae and one was Hypsopsetta guttulata. Of the 

dead larvae (n=41), 19 were from the family Gobiidae, 18 

were from the family Engraulidae, 2 were Clinidae, 1 was 

Sciaenidae, and 1 was Pleuronichthys ritteri (Appendix 

Table 16.3-65). In the fish egg assessment, all three eggs 

collected at the intake were alive (Table 9.6-1,Figure 9.6

l), two were unidentifiable, and the other egg was identi

fied as Pleuronichthys ritteri (Appendix Table 16.365). 

Approximately 130 m3 of water were sampled in generating 

the above number of organisms. 
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9.6.1.1.2 Discharge Collection. In the 14 September 1979 

assessment, 0 percent of 33 larval fish collected were alive 

at the discharge (Table 9.6-1, Figure 9.6-1). Twenty-eight 

of the dead larvae were from the family Gobiidae, two were 

gpsoblennius sp, two were Gobiescocidae and one was En

graulidae (Appendix Table 16.3-65). In the egg assessment, 

9.6 percent of 136 eggs were collected alive at the dis

charge (Table 9.6-1,Figure 9.6-1) and all of the eggs were 

from the family Sciaenidae (Appendix Table 16.3-65 ) . 
Approximately 32 rn3 of water were sampled in generating 

the above number of organisms. 

In the 1 December 1979 experiment, 0 percent of the 12 

larval fish collected were alive at the discharge (Table 

9.6-1): 8 of the dead larvae were.from the Gobiidae family 

and 4 were Clinidae larvae. In the egg assessment, three of 

ten eggs were collected alive at the discharge (Table 9.6


1): of the live eggs, two were unidentifiable, one was 


Pleuronichthgs ritteri; of the seven dead eggs: five were 


unidentifiable, one was Pleuronichthys ritteri, and one was 


Citharichthys spp (Appendix Table 16.3-65). Approximately 


130 m of water were sampled.
3 


In the 14 September 1979 assessment, the following 

initial mortality rates for ichthyoplankton were observed -
larvae: 1.00,significant; fish eggs: 0.90,significant 

(Table 9.6-1). 

In the 1 December 1979 assessment, the following 

9-58 




di f fe rences  w e r e  observed - l a r v a e :  1 . 0 0 .  not  s i g n i f i c a n t ;  

eggs : 0.70,  no t  s i g n i f i c a n t  (Table 9 . 6 - 1 ) .  

9 . 6 . 1 . 2  Delayed. Latent e f f e c t s  on su rv iva l  induced by thermal 

and mechanical components of entrainment w e r e  assessed 14-18 

September 1979 and 1-5 December 1979.  Sampling was performed 14 
% 

September 1979 and 1 December 1979 when t h e  ch lor ina t ion  systen 

was no t  opera t iona l .  P lan t  opera t ions  during sampling and am

b i e n t  water temperatures during incubat ions w e r e  described 

e a r l i e r  (Section 9.5-1). The r e s u l t s  of bioassays reported a r e  

values observed a t  the  end of 96 h r  of  incubat ion.  

9 . 6 . 1 . 2 . 1  Intake Sample Bioassay. I n  t h e  14-18 September 

1979 in take  assessment, 8(35 percent)  of 23 la rvae  and 3 . 7  

percent  of 107 f i s h  eggs w e r e  a l i v e  a t  t h e  end of incubat ion 

(Table 9 .6 -1 ,  Figures 9 . 6 - 2  and 9 .6 -3 ) .  The spec ies  composi

t i o n  of la rvae  was: l ive(n=8)  : 4 were Gobiidae,2 were 

Sciaenidae,  1 was Syngnathus s p ,  and 1 was Hypsoblennius s p ;  

-dead(n=15) : 13 were Gobiidae, 1 w a s  Exocoetidae, and 1 was 

Hypsoblennius s p .  A l l  of  the eggs co l l ec t ed  were of t h e  

family Sciaenidae (Appendix Table 16.3-66).  Approximately 

160 m3 of water were sampled t o  der ive those numbers of 

organisms. 

In  the  1-5 December 1979 in t ake  assessment,  4(11 per

cent)  of 35 l a r v a l  f i s h  and 0 percent of 3 eggs were alive 

a t  t h e  end of incubations (Table 9 . 6 - 1 ,  Figures 9.6-2 and 

9 .6-3) .  A1 . l  l a r v a l  f i s h  c o l l e c t e d  were members of t h e  
Gobiidae family.  The f i s h  eggs w e r e  un iden t i f i ab le  
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(Appendix Table 16.3-66).  Approximately 200 m3 of  water 

w e r e  sampled t o  generate  those numbers of  organisms. 

9 . 6 . 1 . 2 . 2  Discharge Sample Bioassay. I n  the  14-18 September 

1979 experiment,  no v i a b l e  f i s h  l a rvae  w e r e  recovered f rom t h e  

discharge s t a t i o n .  Approximately 200 m3 of water w e r e  sampled 

i n  an e f f o r t  t o  c o l l e c t  v i ab le  l a r v a e  and over 150 l a rvae  were 

inspected f o r  s igns of  v i t a l i t y .  In  the  egg assessment,  0 per

cent of 4 un iden t i f i ed  f i s h  eggs were a l i v e  a f t e r  incubat ion 

(Table 9 . 6 - 1 ,  Figure 9.6-3,  Appendix Table 16.3-66).  

In  t h e  1-5 December 1979 assessment,  no l i v i n g  f i s h  la rvae  

were recovered from t h e  discharge s t a t i o n .  Approximately 250 m3 

of water  were sampled i n  an e f f o r t  t o  c o l l e c t  v i a b l e  l a rvae  and 

over 175 l a rvae  were inspected f o r  s igns of v i t a l i t y .  In the  

egg assessment,  0 percent of  27  eggs w e r e  v i a b l e  a t  t h e  end of 

incubat ion:  22 were un iden t i f i ed ,  4 w e r e  Ci thar ich thys  sp and 1 

w a s  Pleuronichthys r i t teri  (Table 9.6-1,  Figure 9 .6-3 ,  Appendix 

Table 16.3-66).  

9 .6 .1 .2 .3  Delayed Mor ta l i ty .  I n  t h e  14-18 September 1979 

assessment,  t he  lack of v i a b l e  f i s h  l a rvae  a t  t h e  discharge pre

cluded delayed mor t a l i t y  a n a l y s i s .  The delayed mor t a l i t y  r a t e  

f o r  f i s h  eggs amounted t o  0 . 0 4  and w a s  no t  s i g n i f i c a n t  

(Table 9.6-1).  

I n  t h e  1-5 December 1979 assessment,  l a t e n t  effects ana lys i s  

could not be performed f o r  l a r v a l  f i s h  due t o  the  l ack  of v i a b l e  

l a rvae  a t  t h e  discharge.  There w a s  a 0.00 m o r t a l i t y  r a t e  calcu a 
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i a f e d  f o r  f i s h  eggs, not s i g n i f i c a n t  (Table 9 .6-1) .  

9 . 6 . 2  Thermal, Mechanical, and Chemical E f f e c t s .  Two assess

ments w e r e  performed while t h e  p l an t  ch lo r ina t ion  system w a s  

ope ra t iona l  i n  order  t o  assess thermal,  mechanical, and 

chemical effects  of entrainment cn ichthyoplankton. 

9 . 6 . 2 . 1  I n i t i a l  Survival .  I n i t i a l  su rv iva l  assessments with 

t h e  ch lo r ina t ion  sys t em opera t iona l  were performed 24 September 

1979 and 10 December 1979.  Plants opera t ions  during sampling 

w e r e  descr ibed ear l ier  (Section 9 . 5 . 1 ) .  

e 

9 . 6 . 2 . 1 . 1  Intake Col lec t ion .  I n  t h e  2 4  September 1979 

assessment, 5(19 percent)  of  t he  26 larval  f i s h  and 100 per

cent of 40 eggs w e r e  c o l l e c t e d  a l ive  a t  t h e  in t ake  s t a t i o n  

(Table 9 .6-1) .  The larval  f i s h  spec ies  composition w a s :  

l i v e  (n=5) - 3 w e r e  Syngnathus s p ,  1 w a s  Gobiidae, and 1 

was Hypsopsetta g u t t u l a t a ;  dead (n=21) - 10 were Hypso

blennius  s p ,  8 were Gobiidae, 2 w e r e  Syngnathus sp ,  and 1 

w a s  Chilotrema saturnum. The egg spec ie s  composition w a s :  

30 Sciaenidae,  5 un iden t i f i ed ,  3 Ci thar ich thys  s p ,  and 2 

Labridae (Appendix Table 16.3-65).  Approximately 32 m3 of 

water w e r e  sampled i n  genera t ing  the  above number of 

organisms. 

In t h e  10 December 1979 experiment,  53 (46 percent)  of 

114 l a rva l  f i s h  and 18 (95 percent )  of  19 eggs w e r e  co l lec

t e d  a l ive a t  t h e  in t ake  s t a t i o n  (Table 9 .6-1 ,  Figure 9.6-1).  
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The larval fish species composition was: live (n=53) - 48 

Gobiidae and 5 Clinidae; dead (n=61) - 52 Gobiidae, 7 

Clinidae, 1 Atherinidae and 1 Cottidae Type 7. The egg 

species composition was: live (n=18) - 9 Citharichthys s p ,  

3 Sciaenidae, 3 Pleuronichthys ritteri and 3 unidentified; 

dead (n-1) - 1 unidentified egg (Appendix Table 16.3-65). 

Approximately 130 m3 of water were sampled in generatkg 

the above number of organisms. 

9.6.2.1.2 Discharge Collections. In the 24 September 1979 

assessment, 0 percent of 32 larval fish and 16.1 percent of 

87 fish eggs were colledted alive at the discharge (Table 

9.6-1, Figure 9.6-1). The larval fish species composition 


was: 13 Engraulis mordax, 8 Seriphus politus, 5 Engrauli


dae, 3 Gobiidae, 1 Syngnathus sp, 1 Clinidae, and 1 Hypso


blennius sp. The egg species composition was: live (n=14) 


- 12 Sciaenidae, and 2 unidentified eggs; dead (n=73) - 70 

Sciaenidae and 3 unidentified eggs (Appendix Table 9.6-65 

'Approximately32 m3 of water were sampled in generating the 

above number of organisms. 


In the 10 December 1979 experiment, 0 percent of 25 

larval fish and 4 ( 4 4  percent) of 9 eggs were collected 

alive at the discharge (Table 9.6-1, Figure 9.6-1). The 

larval fish species composition was: 23 Gobiidae and 2 

Clinidae. 
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The egg spec ies  composition was: l i v e  (n=4) - 2 

Ci thar ichthys s p ,  and 2 un iden t i f i ed  eggs;  dead (n=5) - 3 

Pleuronichthys r i t teri ,  1 Cithar ichthys s p ,  and 1 mident i . 

egg (Appendix Table 16.3-65). Approximately 130 m3 of 

water were sampled i n  generat ing t h e  above number of organ

i s m s .  

In  t h e  24 September 1979 assessment, t h e  following i n i 

t i a l  mor t a l i t y  ra tes  f o r  ichthyoplankton w e r e  c a l cu la t ed  -
f i s h  larvae: 1 . 0 0 ,  s i g n i f i c a n t ,  f i s h  eggs: 0.84, s i g n i f i c a n t  

(Table 9 .6- 1). 

In t h e  10 December 1979 experiment, t h e  following i n i 

t i a l  mor t a l i t y  ra tes  were ca l cu la t ed  - f i s h  l a rvae :  1 . 0 0 ,  

s i g n i f i c a n t ,  f i s h  eggs: 0 .54 ,  s i g n i f i c a n t  (Table 9 .6-1) .  

9 .6 .2 .2  Delayed. Delayed effects on s u r v i v a l  induced by 

thermal , mechanical and chemical components of entrainment 

w e r e  assessed 24-29 September 1979 and 10-14 December 1979.  

Sampling was performed 24 September 1979 and 1 0  December 

1979 when t h e  ch lo r ina t ion  s y s t e m  w a s  ope ra t iona l .  P lan t  

operat ions during sampling and ambient w a t e r  water tempera

t u r e s  during incubat ions tiave been descr ibed e a r l i e r  

(Sect ion 9 . 5 . 1 ) .  The r e s u l t s  of  bioassays repor ted  are va

lues  observed a t  the end of 96 h r  of incubat ion .  

9 .6 .2 .2 .1  In take  Sample Bioassay. I n  t h e  24-29 September 

1979 i n t ake  b ioassay ,  100 percent  of 4 l a rva l  f i s h  and 0 per

cent of 5 f i s h  eggs w e r e  v i a b l e  a t  t h e  end o f  incubat ionBp 
00’7 3s 

9-63 




(Table 9.6-1,Figures 9.6-2and 9.6-4). Three of the larvae 


were Syngnathus sp and one was Hypsopsetta guttulata; two of 


the eggs were Sciaenidae and three were unidentified (Appen


dix Table 16.3.6). Approximately 175 m3 of water were Sam


pled in generating the above number of organisms. 


In the 10-14 December 1979 intake bioassay, 14 (28 per

cent) of the 50 larval fish were alive at the end of incuba

tion (Table 9.6-1,Figures 9.6-2and 9.6-4). No fish eggs 

were collected. The larval fish species composition was: 

live (n=14) - 12 Gobiidae, 1 Clinidae and 1 Cottidae; dead 

(n=36) - 34 Gobiidae, 1 Clinidae and 1 Cottidae (Appendix 

Table 16.3-66). Approximately 175 n3 of water were sampled 

in generating the above number of organisms. 

9.6.2.2.2 Discharge Sample Bioassay. In the 24-29 

September 1979 discharge bioassay, no viable larval fish 

were collected. Approximately 200 rn3 of water were sampled 

in an effort to collect living larvae and over 150 larvae 

were inspected for signs of vitality. In the egg assess

ment, 0 percent of 28 fish eggs were alive after incubation 

(Table 9.6-1,Figure 9.6-4). The egg species composition 

was: 16 Sciaenidae, 9 unidentified, 2 Pleuronichthys 

verticalis and 1 Pleuronectes sp (Appendix Table 16.3-66). 

In the 10-14 December 1979 discharge bioassay, no 


viable larval fish were collected. Approximately 200 m3 of 
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water were sampled in an effort to recover live larvae and 

over 175 larvae were inspected for signs of vitality. In 

the egg bioassay, 0 percent of 7 eggs were alive at the end 

of incubation (Table 9.6-1,  Figure 9.6-4) .  The egg species 

composition was: five unidentified, and two Pleuronichthys 

ritteri (Appendix Table 16.3-66 ) . 

9 .6 .2 .2 .3  Delayed Mortality. In the 24-29 September 1979 

assessment, the lack of viable fish larvae at the discharge 


precluded delayed mortality analysis. The delayed mortality 


estimate for fish eggs after incubation was 0.0,not signif


icant (Table 9 . 6 - 1 ) .  

In the 10-14 Decernber 1979 experiment, delayed mortal

ity analysis could not be performed for larval fish due to 

the lack of viable larvae at the discharge station; and for 

fish eggs due to the absence of eggs from intake collections 

(Table 9 . 6 - 1 ) .  Total mortality rates for ichthyoplankton in 

summer and.winter seasons are summarized in Table 9.5-3 .  

9 . 6 . 3  Predation 

Two assessments were performed in an effort to estimate the 


magnitude of predation on ichthyoplankton by nekton populations 


maintaining themselves in the intake tunnels of the plant. The 


procedures used for those assessments are described in the Appen


dix Methodology (Section 16.2). The first assessment, 19  July 

1979, was performed 33 days after a tunnel recirculation and 

a employed 33511 and 5 0 5 ~mesh size nets. The second assessment was 
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performed on 22 August 1979, 24 days after a tunnel recircula

tion, and only 5 0 5 ~mesh nets were used. Data are summarized in 

Table 9.5-4. 

The 19 July 1979, 33511 mesh data for all traveling screen 

stations (TS 1, TS 4,TS 5) were combined and compared with in

take data using the Elann-Whitney U-test. The 19 July 1979, 5 0 5 ~  

mesh data and the 22 August 1979, 5 0 5 ~mesh data were subjected 

to the same analysis. In addition,the 5051-1mesh data from the 

19 July 1979 and 22 August 1979 sampling runs were combined in 

order to compare the intake with individual traveling screens 

using the Mann-Whitney U-test. In a final analysis, a l l  of the 

505~1mesh data for intake and traveling screen stations for both 


sampling dates were combined. Abundances at the intake and the 


traveling screens in combination were tested for significant 


differences using the Wilcoxon sign rank test. 


Results of all predation sampling are presented in Table 

9 . 5 - 4 .  In almost all cases there was either no significant dif

ference between numbers of organisms captured at the intake and 

numbers captured at traveling screens or where significant dif

ferences were observed, greater numbers were taken,attraveling 

screens than at the intake (Table 9.5-4). Only one comparison 

(fish eggs, 19 July 1979, 5 0 5 ~mesh) showed a significant de

drease at the traveling screens compared with the intake. 

Generally, there appeared to be no significant predation on 

ichthyoplankton in the intake tunnels. 
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e 9.7 	QUANTITATIVE ESTIMATES OF SURVIVAL 


Summer and winter total entrainiient mortality rate estimates 


f o r  the plankton groups are summarized in Table 9.5-3. In order 

to complete the mortality assessment, summer and winter seasons 


at the Encina location must be identified. 

The average intake water temperatures during sampling for 

entrainment mortality assessments were 2 2 . 4  C ( 7 2 . 3  F) in Septem

ber and 15.7 C ( 6 0 . 4  F) in December. The average of those values 

is 19.1 C ( 6 6 . 4  F). When intake water temperatures are less 

than 18 C ( 6 4 . 4  F), winter mortality rates apply. When intake 

water temperatures exceed 18 C, summer mortality rates apply. 

Therefore, the seasonal delineation was considered to be 18 C. 

Figure 9 . 6 - 5  is a plot of intake and discharge temperatures 

recorded at Encina in 1979. Application of the 18 C delineation 

to that plot suggests that the summer season besins about the 


third week in Nay and ends the last week of October. The rest 

of the year was considered the winter season. In late September, 

the temperature drop observed was ignored and summer rates were 


considered to apply. This would lead to a small overestimation 


of total mortality. It is felt that the seasons are representa


tive of actual events. 

Quantitative estimates of biotic abundances from entrainment 

data were calculated. Appendix Section 16 .2 .5  contains the de

tailed methodologies used in calculations. 
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51.7.1 Phytoplankton 


Quantitative estimates of entrainment effects on phytoplank


ton were not calculated as phytoplankton were only examined four 


times during entrainment mortality studies. Results of those 


experiments indicate that entrainment effects on phytoplankton 


productivity and biomass are generally negligible. In studies 


of two New England marine power plants (9-26) ,  it was concluded 

that entrainment effects on phytoplankton at the ecosystem level 

are generally insignificant because phytoplankton species exhibit 

recovery from entrainment and fast generation times. Arguments 

such as these have prompted some reviewers (9-27) to recommend 

that phytoplankton studies generally may not be necessary in 

site-specific situations where the volume of water entrained is 

a small portion of the available volume, e.g., marine sites. 

9.7.2 Invertebrate Zooplankton 

Table 9.7-1 summarizes the quantitztive estimates of each 

plankton group from 3 3 5 ~and 5 0 5 ~mesh entrainment data. 

33514 Data: Sampling Period 5 /18 /79  - 12 /26 /79  

The total number of other zooplankton estimated to have been 
9entrained during the 3 3 5 ~mesh sampling period was 1 . 6 2 0 ~ 1 0  

individuals. Entrainment mortality rate calculations indicate 
8that 5 . 5 2 0 ~ 1 0  of the entrained individuals were killed during 

entrainment. The estimated total number of other zooplankton 


present in the outer Agua Hedionda Lagoon during that period was 


1 . 7 4 1 ~ 1 0 ~ ~ .Therefore, the estimated number killed by entrainment 
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represented 3.2 pcrcenr of the total number available (Table 

9 . 7 - 1 ) .  

The total number of other crustacea estimated to have been 


entrained during 3 3 5 ~sampling was 1 . 8 6 8 ~ 1 0 '  individuals. Of 
9those, 1.148~10 individuals were estimated to have died during 

entrainment. The total number of other crustacea estimated to 


be present in the outer lagoon during that period was 5.543~10
9 . 

Therefore, 20.7 percent of the total number of other crustacea 

available for entrainment were estimated to be killed during 


entrainment (Table 9 .7 -1 ) .  

Copepoda 3 3 5 ~data indicates that 1.343~109 individuals were 


entrained by the plant during 3 3 5 ~sampling. Mortality calcula
8tions estimate that 9.415~10 of those copepods were killed 

during entrainment. The estimate of the total number of cope- 0 
pods present in the outer lagoon during that period was 1.050~ 


10". Thus, 9 . 0  percent of the lagoon copepods were estimated to . 

be killed during entrainment (Table 9 .7 -1 ) .  

The following 335p estimates were made for Acartia tonsa: 

, 8 . 7 8 9 ~ 1 0  individuals were entrained during sampling; 6.404~109 9 

of those individuals were killed during entrainment; and 3.421~ 

10'' individuals were present in the outer lagoon during that 

period. Therefore, 18 .7  percent of the available A .  tonsa indi-
viduals were estimated to be killed during entrainment (Table 


9 . 7 - 1 ) .  

Mysidacea 33511 data gave estimates of: 1.353~10 
8 individ

uals entrained during sampling; 1.021~10 individuals were killed
8 



0 8during entrainment, and 7.225~10 individuals were present in the 

outer lagoon during that period. Thus, 14.1 percent of the 

available mysids were estimated to be killed during entrainment 

in the 33511mesh sampling period (Table 9.7-1). 

The total number of decapods estimated to have been entrain


ed during 335p sampling was 2.411~10~individuals. Of those, 


9
1.292~10 individuals were killed during entrainiient. The tota.1 


number of decapods estimated to be present in the outer lagoon 

9was 6.030~10 individuals. Therefore, it is estimated that 21.4 

percent of the available decapods in the outer lagoon were killed 


during entrainment (Table 9.7-1). 


Chaetognatha 33511 data yielded the following estimates: 
82.795~10 chaetognaths were entrained during .sampling;the mor

8tality rate was 1.00, therefore, 2 . 7 9 5 ~ 1 0  chaetognaths were 

killed during entrainment. The total number,ofchaetognaths in 


the outer lagoon during that period was 1.292~10~ 
individuals. 


Thus, 21.6 percent of the available chaetognatlis were estimated 


to be killed during entrainment (Table 9.7-1). 


The total number of zooplankton that were estimated by 335p 

mesh data to be entrained during the period from 5/18/79 - 12/26/ 

79 was 1.690~10~‘. Of those, 1 . 0 7 2 ~ 1 0 ~ ~were estimated to be 

killed during entrainment. The total number of zooplankton in 

the outer AtIL during that period was 7 . 5 7 0 ~ 1 0 ~ ~ .Thus 14.2 per

cent of the available invertebrate zooplankton were estimated 

to b e  killed during entrainment (Table 9.7-1). 
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505u 	Mesh Data: Sampling Period 1/22/79 - 12/26/79 

The total number of other zooplankton estimated to be en
8
trained during the 5 0 5 ~mesh sampling period was 1.539~10 


7
individuals. Of those, 6.450~10 individuals were estimated to 


be killed during entrainment. The total number of other zoo

plankton estinated to have been present in the lagoon was 1.417~ 

109 individuals. Therefore, 4.6 percent of the available indi

viduals of other zooplankton species were estimated to have been 

killed during entrainment (Table 9.7-1). 

The total number of other crustacea estimated to be en

trained during 505~1sampling was 9.115~10~individuals. Of 

8those, 2.369~10 individuals were estimated to have been killed 


during entrainment. The total number of other crustacea in the 
9outer lagoon was 2.657~10. Thus 8.9 percent of the available 

crustacea were estimated to be killed during entrainment in the 


period from 1/22/79 to 12/26/79 (Table 9.7-1). 


Copepod data yielded the following 505u mesh data estimates: 
8 87 . 3 1 4 ~ 1 0  copepods were entrained; of those, 2.743~10 individ

9
uals were killed; and 1.215~10 copepods were present during the 


sampling period in the outer lagoon. Thus, from 5 0 5 ~mesh data, 


22.6 percent of the available copepods were estimated to be 

killed during entrainment (Table 9.7-1). 


The total number of Acartia tonsa individuals estimated to 
9be entrained during 505p sampling was 2.579~10. Of those, 

87.853~10 individuals were killed during entrainment. The total 

number of A .  tonsa individuals available in the outer AHL for 
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8entrainment was 8.324~10. Therefore, 94.3  percent of the 

number of A .  tonsa individuals present in the outer lagoon were 

estimated to be killed during entrainment (Table 9 . 7 - 1 ) .  , 

The 50511mesh estinates for Mysidacea were: 4 . 5 2 7 ~ 1 0 ~  
8individuals were entrained, 2.993~10were killed during entrain


8ment and 9 . 9 0 3 ~ 1 0  were present in the outer lagoon. Thus, 30 .2  

percent of the available mysids were estimated to be killed 

during entrainment (Table 9 .7 -1 ) .  

Decapod data yielded the following estimates: 1 . 5 0 1 ~ 1 0 ~  

individuals were entrained during 5 0 5 ~sampling; of those, 6.125~ 
103 were killed during entrainment; and 2.238~109 were present in 


the outer lagoon. Therefore, 2 7 . 4  percent of the available 

decapods were estimated to be killed during entrainment (Table 

9 . 7 - 1 ) .  

The total number of  chaetognaths entrained during 5 0 5 ~sam-

Fling was estimated to be 5.278~10
8. A l l  of those individuals 

were predicted to die during entrainment. The total number of 

chaetognaths present in the outer lagoon during sampling was 
8estimated to be 5.808~10 individuals. Thus, 90.9  percent of the 

available chaetognaths were estimated to be killed during en

trainment (Table 9 .7 -1 ) .  

The total number of invertebrate zooplankton that were 
estimated to be entrained during 505p sampling was 6 . 8 6 0 ~ 1 09 . 

9Of those, 2.801~10 individuals were estimated to be killed dur

ing entrainment. The total number of zooplankton present in the 


outer lagoon was 9.930~10
a 9. Thus, 28.2 percent of the available 
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invertebrate zooplankton were estimated to be killed during en

trainment in the 5 0 5 ~mesh sampling period (Table 9.7-1). 

9 . 7 . 3  Ichthyoplankton 

Table 9.7-2 summarizes the quantitative estimates for ichth

yoplankton from 3 3 5 ~and 50511 mesh entrainment data. 

. 3351~Mesh Data: Sampling,Period 5/18/79 - 12/26/79 

The total number of fish eggs estimated to be entrained 
9during the 335p mesh sampling period was 4.292~10. O f  those, 

93.719~10 eggs were estimated to be killed during entrainment. 

The total number of f i s h  eggs estimated to be present in the 
9outer lagoon during that period was 4 . 3 2 8 ~ 1 0  . Therefore, 85.9 

percent of the available fish eggs were estimated to be killed 


during entrainment in the 3 3 5 ~mesh sampling period (Table 9.7

2) -
The total number of larval fish estimated to be entrained 

8during 335p sampling was 6 . 7 0 0 ~ 1 0  . All of those were estimated 

to be killed during entrainment. The total number of larvae 


estimated to be present in the outer lagoon for entrainment 

9during sampling was 1 . 2 1 3 ~ 1 0. Thus, 55.2 percent of the avail

able fish larvae were estimated to be killed during entrainment 

in the 3351~sampling period (Table 9 . 7 - 2 ) .  

T h e  total number of ichthyoplankton (eggs + larvae) esti
mated to be entrained in the 3 3 5 ~mesh sampling period was 4 . 9 6 ~  

l o 9 .  The dominant taxonomic groups of that total according to 

entrainment data were individuals of the family Engraulidae (50.8 
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percent of the total) and the family Sciaenidae (40.5 percent). 


Cithari.chthyssp abundance was 4.2 percent of the total (Table 


8.3-7). A total of 17 ichthyoplankton taxonomic groups comprise 
9their remaining 4.4 percent. Of the entrainment total, 4.389~10 

ichthyoplankton were estimated to be killed during entrainment in 


the 335; sampling period. The total number of ichthyoplankton 


estimated by 3 3 5 ~ 
mesh data to be present in the outer lagoon for 
9entrainment was 5.541~10. The dominant taxonomic groups of that 

total were individuals of the family Engraulidae (63.5 percent) 


and family Sciaenidae (23.58 percent). Citharichthys s p  abun

dance was 6.2 percent of the total (Table 3.3-7). A total of 

42 ichthyoplankton taxonomic groups comprised the remaining 6.9 


by the 335p data to be killed during entrainment (Table 9.7-2). 


505p Mesh Data: Sampling Period 1/22/79 - 12/26/79 

The total number of fish eggs estimated by 505p sampling to 
9 9be entrained was 3.757~10. Of those, 3.184~10 were estimated 

to be killed during entrainment. The total number of fish eggs 


estimated to be present in the outer lagoon for entrainment 
9during the 505p sampling period was 3.086~10. Therefore, 103.2 

percent of the available fish eggs were estimated to be killed 


during entrainment (Table 9.7-2). The Encina Power Plant in 


1979, withdrew, on an average daily basis, a volume of water 


equivalent to 2.18 outer lagoons. The offshore region is the 


9-76 




e 
ultimate source of water for the outer lagoon and therefore, the 


excess percentage of fish eggs was derived from offshore. 

The total number of larval fish estimated by 5 0 5 ~sampling 
-I 

to be entrained was 5.323~10’.All of those larvae were esti

mated to be killed during entrainment. The total number of 

larvae estimated to be present in the outer lagoon was 2.344~10. 

Thus, 35.5 percent of the available larvae were killed during 


entrainment in the 5 0 5 ~sampling period (Table 9.7-2). 

The total number of ichthyoplankton estimated to be en
9trained by 5 0 5 ~sampling was 3.840~10. The dominant taxonomic 

group of that total was family Sciaenidae (87 percent). Family 


Engraulidae was 6.75 percent, unidentified fish eggs were 3.21 


percent and Citharichthys sp was 1 . 9 5  percent of the total 

(Tabel 8.3-4). A total of 17 taxonomic categories comprise the 

remaining 1.11 percent. Of those entrained ichthyoplankton, 

93.267~10 w e r e  estimated to die during entrainment. The total 

number of ichthyoplankton individuals estimated by 505p sampling 
9to be present in the outer lagoon was 3.320~10 . The dominant 

taxonomic groups of the total were: family Sciaenidae (41.5 


percent), family Engraulidae (40.9 percent) and Citharichthys sp 


(9.1 percent) (Table 8.3-4). A total of 41 taxonomic groups 

comprise the remaining 8.5  percent. In summary, 98.4percent o� 

the available ichthyoplankton in the outer lagoon were estimated 


by 5 0 5 ~sampling to be killed during entrainment in the 1/22/79 

12/26 /79  sampling period (Table 9 . 7 - 2 ) .  
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9 .8  DISCUSSIOlV 

Phytoplankton 

Net primary p roduc t iv i ty  es t imates  (Table 9.4-1) were con

s i s t e n t l y  low i n  magnitude. In  a recent  r e p o r t  (9-28), t h e  

annual n e t  p roduc t iv i ty  of  phytoplankton i n  nearby Tijuana e s tu 

ary was l e s s  than one gm dry w t  C/m 2 , and r e s u l t s  presented i n  

t h i s  study sccnis t o  n g r c c .  E f I ~ o r t st o w a r d  estimating g r o s s  

p roduct iv i ty  were confounded by anomalous (negat ive)  r e s p i r a t i o n  

va lues .  S imi la r  problems with r e s p i r a t i o n  d a t a  i n  previous 

product iv i ty  s t u d i e s  i n  Agua Hedionda Lagoon have been observed 

( 9 - 2 9 ) .  

S t a t i s t i c a l  comparison of t h e  p roduc t iv i ty  da ta  reveals t h a t  

the  15 September 1979 no ch lo r ina t ion  experiment y ie lded  s i g n i f i - 0 
cant ly  d i f f e r e n t  i n t ake  and discharge values  (Table 9.4-1,  

Figure 9.4-3) .  In  t h i s  run,  average n e t  p roduc t iv i ty  a f t e r  en

trainment was 4 .85  t i m e s  higher than t h e  con t ro l  ( in take)  

average ( 2 6 . 2  i 18.6 mg C fixed/m3/hr a t  d i scharge ,  5 . 4  f 1 5 . 7  

. mg C fixed/m3/hr a t  i n t a k e ) .  The est imated chlorophyl l  -a con

cen t r a t ions ,  a s  determined by t h e  t r ichromat ic  method, were 

. 2.18 0.35 mg/m3 f o r  in take  samples and 2 . 1 9  ? 0.42 mg/m3 f o r  

discharge samples ,  not s i g n i f i c a n t l y  d i f f e r e n t  (Table 9 .4-2,  

Figure 9 .4-4) .  Therefore ,  those da ta  y i e l d  es t imates  of t he  

r a t i o  of n e t  productivity/chlorophyll -a of 3.09 f 8.86 mg C 

f ixed/% Chl -a/m3/ h r  f o r  i n t ake  samples and 11.82 5 8.25 mg C 

fixed/mg C h l  a / m  3/ h r  f o r  discharge samples, s i g n i f i c a n t l y  d i f f e r -
-

e n t  (Table 9 .8-1) .  The n e t  productivity/chlorophyll -a r a t i o  i s  
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TABLE 9 . 8 - 1  
RATIOS OF NET PRODUCTIVITY/CHLOROPHYLL a 

CONCENTRATION MEASURED AT THE ENCINA POWER PLANT IN 1979 

RATIO 
Date Intake Discharge Significanti.-L 

15 Sept. 1979 3.09 t 8.86+ 1 1 . 8 2  f 8.25 Yes 

27 Sept. 1979 -1.36 k 7 .30  0 . 3 1  5 3 . 6 1  No 

2 Dec. 1979 6.94 2 5.88  4 . 5 3  t 3 . 4 1  No 

11 Dec. 1979 -1.69 6.09 -1 .34  f 8 .56  No 

-f mg C fixed/mg CHL -a/rn3/hr

0 Mann-mitney U-test 
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considered an import an t  parameter f o r  comparing pro  duct i v i t y  

r e s u l t s  wi th in  and between power p l an t  s tud ie s  (9-30). The 

concentrat ion of chlorophyl l  -a as determined by t h e  a c i d i f i c a 

t i o n  technique was 1 . 1 6  5 0 . 2 2  mg/m3 a t  t h e  i n t a k e  and 1.36 t 

0.87 mg/m3 a t  t h e  discharge.  Productivity/chlorophyll -a r a t i o s  

using t h e  ac id  chlorophyl l  -a values  were 4 . 7  m g  C fixed/mg Chl 

-a/m3/hr a t  the  in take  and 19.3 mg C fixed/mg Chl g/m3/hr a t  t h e  

discharge.  The a c i d i f i c a t i o n  techniqueused i n  t h e  present  

study i s  a s tandard method taken from t h e  American Publ ic  Health 

. Association (9-31). The recent  l i t e r a t u r e  contains  many 

a r t i c l e s ,  each descr ib ing  "improved" methodology f o r  determining 

chlorophyl l  -a a f t e r  a c i d i f i c a t i o n  (9-32 through 9-35).  Each 

r epor t  warns t h a t  t he re  a r e  e r r o r s  inherent  i n  t h e  t r a d i t i o n a l  

method. Unt i l  these methodologies a r e  evaluated and the optimum 

technique s e l e c t e d ,  i n t e r c a l i b r a t i o n  of t h e  techniques cannot be 

performed. Because of t h e  uncer ta in ty  a s soc ia t ed  w i t h  t h e  acidi

f i c a t i o n  technique, chlorophyl l  -a values a f t e r  a c i d i f i c a t i o n  w i l l  

be  repor ted ,  but a l l  subsequent n e t  p roduc t iv i ty /  chlorophyll  -a 

r a t i o s  w i l l  employ the  t r i ch romat i c  estimates. 

In  the 2 7  September 1979 experiment, i n t ake  n e t  product iv i ty  

was - 2 . 5  i 13 .1  mg C fixed/m3/ h r  and discharge n e t  product iv i ty  

w a s  0 . 2  t 6 . 8  mg C fixed/m3/hr.  These values  w e r e  no t  s i g n i f i 

cant ly  d i f f e r e n t  (Table 9 . 4 - 1 ) .  Negative n e t  p roduc t iv i ty  i m 

p l i e s  t h a t  plankton r e s p i r a t i o n  exceeded plankton primary pro- , 

duction during experimentation. This observat ion has  been 

repor ted  i n  t h e  l i t e r a t u r e  (9-36). Chlorophyll -a values  
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e 
(Table 9.4-2) were 1 .98  i 0.32 mg/m3 a t  t h e  in take  and 1 . 7 7  i 

0 .13  mg/m3 a t  the discharge (not s i g n i f i c a n t l y  d i f f e r e n t ) .  

Therefore,  the  ne t  productivity/chlorophyll r a t i o  was -1.36 -1_: 

7 .30  mg C fixed/mg Chl -a/m3/hr f o r  the in take  and 0 .31  2 3.61 

nig C fixed/mg Chl -a/m3/hr f o r  the  discharge (Table 9 .8-1) .  

Those values were not  s i g n i f i c a n t l y  d i f f e r e n t .  

In the 2 December 1979 run n e t  product iv i ty  a t  the  in take  

was $ . 4  2 7 . 2  mg C fixed/m'/hr and discharge n e t  product iv i ty  

was 5 . 0  5 4 . 1  mg C fixed/m3/ h r .  Those values were not  s i g n i f i 

cant ly  d i f f e r e n t  (Table 9 . 4 - 1 ,  Figure 9 .4-3) .  The in take  

assessment yielded a higher n e t  product iv i ty  mean than the 15 

September 1979 intake assessment, but s t a t i s t i c a l l y ,  t h e  d i f f 

erence w a s  not s i g n i f i c a n t .  Chlorophyll -a was 1 . 2 5  2 0 .13  mg/m3 

a t  t h e  in take  and 1.08 +_ 0.09 mp,/rn3 a t  t h e  discharge (Table 

9 . 4 - 2 ) .  These values w e r e  s i g n i f i c a n t l y  d i f f e r e n t  with d is 

~ : i i a r g , cva lues  rcdriced 1 4  percc:.nl r e l a t i v e  . t o  in take  v a l u e s .  !Set: 

a rnL:io~ ' . ~ . ~ C ; u ~ t i v i t ~ / ( : I ~ l  e s t . i . m a t  (3:;  were b.t.14 5 .  88 m g  C fixe:!! 
, Inq:, C h l .  a/m 3/11r at tile iiit .;jke a n d  4 . 5 3  I 3.'.11 my, c' f ixeu: 'mg Cti1 

-.n/:nJ/ i i r  at: t ~ i etiiscct~a3g;e ( i i o  : ; i > ; i i i  f i .cant  d i f . F c . r e n c e ,  'iat1l.c 

9 . 8 - 1 ) .  

1.n tile 11 1)cceinbcr 19'70 expcriment, n e t  p r o d u c t i v i t y  e s c j  -

m a t e s  were -1. 9 1 5 .  3 inp, C f i x t > J / m J / h r  at the  i . n t ake  and - 0 .  9 + 

6 .  . 3  mg C; fixed/ni3 /hr .fit: tlic discharge. Tl-~osev a l u e s  w e r e  n o t  

s i g n i f i c a n t l y  d i f f e r e n t  ('l'ablc 9 . 4 - 1 ,  Figure 9 . 4 - 3 ) .  Negative 

ner product iv i ty  values i m p l y  g rea t e r  r e s p i r a t i o n  than production 

during experimentation. Chlorophyll -a a t  t h e  in t ake  averaged 
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0 .93  4 0 .09  mg/m3 and a t  t he  discharge,  0.90 -t 0 .14  mg/m3. Those 

values  were not  s i g n i f i c a n t l y  d i f f e r e n t .  The r e s u l t i n g  n e t  pro

duct iv i ty /Chl  g r a t io s  w e r e :  - 1 . 6 9  & 6 . 0 9  mg C fixed/mg Chl -a /  

m3/hr a t  t h e  i n t ake  and -1.34 ?; 8.56 mg C fixed/mg Chl -a/m3/hr 

a t  t h e  discharge (not s i g n i f i c a n t l y  d i f f e r e n t ,  Table 9 .8-1) .  In  

t h i s  experiment, acid-determined phaeopigments were undetectable  

(Table 9.4-2, Figure 9 . 4 - 6 ) .  The r e l a t i v e l y  c lose  equivalence 

i n  t r ichromat ic  chlorophyl l  -a and acid-determined chlorophyl l  -a 

es t imates  would i n d i c a t e  t h a t  very l i t t l e  phaeopigment w a s  pre

s e n t  i n  the  samples. 

In  an overview of t h e  phytoplankton assessments, t h e  r e s u l t s  

i n d i c a t e  t h a t  t he  combined thermal ,  phys ica l ,  and chemical 

e f f e c t s  of entrainment (experiments performed 27  September 1979 

and 11 December 1979)  have a genera l ly  n e g l i g i b l e  e f f e c t  on phy

toplankton product iv i ty  and pigment concentrat ions.  The 15 

September 1979 experiment suggests  t h a t  t h e  phys ica l  and mechani

c a l  e f f e c t s  of  entrainment may a c t u a l l y  s t imu la t e  p roduc t iv i ty .  

However, l ack  o f  p roduct iv i ty  s t imu la t ion  i n  t h e  2 December 1979 

experiment i nd ica t e s  t h a t  unknown b i o t i c  and a b i o t i c  f a c t o r s  may 

inf luence  the amount of s t imu la t ion  poss ib le .  Tne r e l a t i v e l y  

high incubation temperatures during the  15 September 1979 

assessment may have been a major inf luence on p roduc t iv i ty  re

s u l t s  (Figure 9 . 4 - 1 ) .  

Pigment concentrat ions decreased with each successive assess

ment. Estimates i n  t h i s  study are i n  general  agreement wi th  

values  found i n  Baja Ca l i fo rn ia  lagoons (9-37). The n e t  

9-82 




productivity/chlorophyll 5 ratios for the intake and discharge 


samples were not significantly different in the final three ex


periments. Tnis would indicate that the effect of entrainment 


on phytoplankton is generally negligible. 


A review of the literature reveals that conflicting results 

of entrainment on phytoplankton have been observed. Researchers 


have observed significant inhibition ( 9 - 3 8 ,  9 - 3 9 ,  9 - 4 0 ,  9 - 4 1 ) ,  

stimulation during winter seasons ( 9 - 4 2 ,  and 9 - 4 3 ) ,  or no power

plant-induced effects ( 9 - 4 4 ) .  Lawler, Matusky and Skelly 

Engineers ( 9 - 4 5 )  suggest that entrainment effects on phytoplank

ton in an open, marine ecosystem are minimal regardless of  esti

mated magnitudes of phytoplankton losses due to entrainment 

because phytoplankton communities exhibit resiliency. Therefore, 

the negligible effects of entrainment observed in this study 

would suggest a minimal impact of the Encina Power Plant on the 


phytoplankton communities of the source and receiving waters. 


a 


Zooplankton and Ichthyoplankton 


Figure 9.5-1 contains plots of the temperature regimes ex


perienced by entrained organisms during sampling for inverte


brate zooplankton and ichthyoplankton assessments. Statistical 


comparisons revealed that intake water temperatures and plant 


operational characteristics in the two assessments in September 


were significantly different (Table 9 . 5 - 2 ) .  The difference in 

mean temperatures and standard deviations immediately after con

denser passage between the 14 September 1 9 7 9  and 24 September 

BD 1979 experiments is somewhat reduced because Unit 4 went off-line 
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during t h e  14  September 1979 run. In  t h e  December assessments,  

in take  water temperatures were s i g n i f i c a n t l y  d i f f e r e n t  but cool

ing water  temperatures immediately a f te r  condenser passage were 

n o t .  Tiiose observed s t a t i s t i c a l  d i f f e rences  l i m i t  i n t e r p r e t a 

t i on  o f  t h e  chemical e f f e c t s  of ch lo r ina t ion  on i n i t i a l  en t r a in 

ment m o r t a l i t y .  

Figures 9 .5-6,  9 .5-7,  9 . 5 - 1 4  and 9.5-15 a r e  p l o t s  of t he  

ambient water  temperatures experienced by t e s t  organisms during 

delayed assessment incubations of t he  four  experiments. Two of 

the  four  assessments were charac te r ized  by l a r g e r  temperature 

f l u c t u a t i o n s .  The 24-29 September 1979 incubations experienced 

average temperature f luc tua t ions  of 4 C(7.2 F) throughout t he  

96 h r  per iod  (Figure 9.5-14) .  The 10-14 December 1979 incuba

t ions  were subjec ted  t o  cons tan t ly  decreasing water temperatures 

during segments of t h e  incubations (Figure 9 .5 -15) .  The magni

tude of temperature v a r i a t i o n s  was no t  expected. 

I n  t h e  24-29 September 1979 experiment, p a r t i c u l a r  oceano

graphic  condi t ions r e s u l t e d  i n  the observed f l u c t u a t i o n s  (Sect ion '  

5 . 4 ) .  In  t h e  days preceding sampling f o r  t h a t  experiment, o f f 

shore ocean water temperatures had been f a i r l y  s t a b l e  (Figure 

9 .6-5) .  A s  a r e s u l t  lagoon and o f f shore  waters tended towards 

temperature equi l ibr ium. A t  some po in t  during t h e  t i m e  per iod  

22-25 September 1 9 7 9 ,  a meso-scale m a s s  of cold oceanic water  

moved i n t o  t h e  coas t a l  region around t h e  Power P lan t .  T ida l  

exchange r e s u l t e d  i n  the  in t roduc t ion  of t h a t  co ld  w a t e r  i n t o  

the  Agua Hedionda lagoon system. Water used f o r  incubation was 

drawn continuously from a p o s i t i o n  n e a r  t he  in t ake  of t he  Power 
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P l a n t ,  so those observed f l u c t u a t i o n s  i n  incubation temperatures 

were the  f i r s t  i nd ica t ion  t h a t  t i d a l  conditions inf luenced 

whether of fshore  water o r  lagoon water w a s  en t r a ined  by t h e  

p l a n t .  The oceanographic i n t e r p r e t a t i o n  of the temperature 

f l u c t u a t i o n s  observed during incubation i s  as  fol lows:  on 

lagoon ebb t i d e ,  water temperatures were observed t o  i n c r e a s e ,  

a s  more warm lagoon w a t e r  was drawn i n t o  t h e  P l a n t ;  on lagoon 

f lood  t i d e ,  water  temperatures decreased a s  the  cold oceanic 

water  became the  major source of water drawn i n t o  the  P lan t .  

The mean water temperature decreased over t he  course of incuba

t i o n  and t h a t  i nd ica t e s  mixing o f  lagoon and oceanic waters 

occurred (Section 5 . 4 ) .  

In  the 10-14 Deceriiber 1979 delayed assessment, incubat ion 

water temperatures were 11-13 C ( 5 1 . 8 - 5 5 . 4  F) f o r  t h e  f i r s t  24 

h r .  In  t h e  f i n a l  72 h r ,  w a t e r  temperatures were 6-9 C (42.8-48.2 

F ) .  I n  t h a t  s i t u a t i o n ,  a s i m i l a r  cold water i n t roduc t ion  i n t o  

t h e  lagoon system occurred (Figure 9 . 6 - 5 ) ;  however, l a r g e  t e m 

pe ra tu re  f l u c t u a t i o n s  w e r e  n o t  observed. That may be r e l a t e d  

t o ' l o w  i n s o l a t i o n  (heat ing)  e f f e c t s  on sur face  waters i n  t h e  

lagoon sys t em i n  December (Figure 9.4-2).  

The importance of incubat ion temperature i s  i l l u s t r a t e d  i n  

Figure 9.8-1.  The p l o t s  a r e  of r o t a 1  observed mor t a l i t y  f o r  a l l  

plankton organisms c o l l e c t e d  versus incubat ion time. I n  the  14

18 September 1979 assessment,  t o t a l  mor t a l i t y  increased  gradual

l y ,  wi th  discharge organisms exh ib i t i ng  less mor t a l i t y  than 

in t ake  organisms. In  t h e  24-29 September 1979 experiments,  
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significant mortality (>60 percent) occurred within 1 2  hr of 

incubation initiations, and again discharge organism mortality 

was less than intake mortality. In the 1 - 5  December 1979 run, 

overall mortality gradually increased with intake mortality less 

than discharge mortality. In the 10-14 December 1979 incubation, 

the increase in total mortality observed was the lowest of any 

experiment. In that run, intake and discharge mortalities were 

essentially equal. 

PIortality results.forthe 1 4 - 1 8  September 1979, 1 - 5  Decem

ber 1979 and 10-14 December 1979 experiments are relatively 

characteristic of bioassays. The 25-29 September 1979 mortality 

results reveal that the major increase in mortality occurred 

during the'first major incubation temperature fluctuation 

(Figure 9.5-14) .  Water temperatures increased from 16 C (60.8 F) 

to 2 1 . 8  C (71.2 F) in 8 hr, and rapidly decreased to 16 C within 

a span of 4 hr. The correlation of the temperature shift with 

the major mortality increase suggests an interaction. The sig

nificance of that interaction must be balanced by the observation 

that the total mortality observed in 1 0 - 1 4  December 1979 assess

ment was the lowest of the four bioassays. In that run, a 6.5 C 

(11.7 F) drop in incubation temperature occurred over a span of 

40  hr: 12.5 C ( 5 4 . 5  E') at 16 hr, 6 C ( 4 2 . 8  F) at 56 hr (Figure 

9.5-15) .  Therefore, the data suggest that rapidly increasing 

and decreasing incubation temperatures have a greater esfect on 

increasing mortality than prolonged temperature reductions. 

9-86 




The preceding discussion illustrates that incubating test 

organisms at ambient water temperatures, the common delayed mor

tality approach, may not be ideal in marine situations. Marine 

test organisms held in a flow-through,ambient temperature, water 

bath incubation system will most certainly experience the therma! 

influence of different water masses over the course of 96 hr 

incubation. In the present study, fluctuations were observed in 

every assessment. That variability in incubation temperature may 

effect mortality results. If significant temperature fluctua

tions can occur, it is recommended that test organisms be main

tained at the water temperature experienced by intake organisms 

during collection-

Zooplankton 


Acartia tonsa 


In the 14 September 1979 no chlorination experiment, the 

initial entrainment mortality rate estimate f o r  Acartia tonsa was 

0.93..  The 24 September 1979 chlorination estimate was 0.40  

(Table 9 . 5 - 1 ) .  The higher mortality estimate in the no chlorina

tion run was unexpected; however, thermal effects may be respon

sible. Intake water temperatures for the 14 September 1979 

assessment were an average 4.1 C ( 7 . 4  F) higher than the intake 

water temperatures for the 24 September 1979 run (Figure 9 . 5 - 1 ) .  

In addition, immediately after condenser passage, average cooling 


water temperature for the 14 September 1979 assessment was 32.2  C 

8 (89 .9  F), the average for the 24 September 1979 experiment was 
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2 8 . 1  C ( 8 2 . 6  F). Thus, while intake temperatures were .different, 

the changes in water temperature induced by condenser passage 

were essentially equivalent in the two September runs. 

A s  stated in the introduction, the maximum temperature that 

entrained organisms experience is considered the critical influ

ence on the thermal component of entrainment mortality. In the 

September experiments, if the presence or absence of chlorination 

is not taken into consideration, Acartia tonsa individuals exper

iencing a maximum water temperature of 2 8 . 1  C ( 8 2 . 6  F) exhibited 

a mortality rate of 0 . 4 0 .  Those experiencing maximum tempera

tures of 3 2 . 3  C ( 9 0 . 0  F) exhibited a rate of 0 . 9 3 .  Gonzalez 

( 9 - 4 6 )  reports a critical thermal maximum of 34-37 C ( 9 3 . 2 - 9 8 . 6  

F) for an east coast, 20  C ( 6 8  F) acclimated, Acartia tonsa 

population. Therefore, the high mortality rate exhibited by 

Acartia tonsa in the 14 September 1979  experiment appears to be 

related to the maximum temperature experienced during entrain

ment. The average 4 .1  C ( 7 . 4  F) decrease in maximum temperature 

of entrainment between the 14 September 1979  and 27 September 

1979  runs resulted in a greater than 50 percent reduction in 

observed initial mortality, even though chlorine was present in 

the latter experiment. This would indicate that chlorination 

at the Encina Power Plant may not be a major influence on en

trainment mortality. Results of chlorine analyses performed on 

water samples taken from the discharge pond (Table 9 . 8 - 2 )  reveal 

low levels of chlorine in the water discharged into the ocean. 
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TABLE 9 . 8 - 2  
1979 MONTHLY CHLORINE LEVELS (PPM)

I N  THE DISCHARGE POND OF THE ENCINA POWER PLANT 

Month 

Janua ry  

February  

March 

A p r i l  

May 

June 

J u l y  

August 

Sept ember 

October  

November 

December 

I-: n o t  d e t e c t a b l e  

C h l o r i n e  

0 . 0 2  

n . d .  t 

0.01  

0 .02  

0.02 

0 . 0 4  

n . d .  t 

n . d .  t 

0.02  

0 . 0 1  

0 .02  

0 .16  
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- -  In summary, for A. tbnsa, it appears that environmental and 

plant operational characteristics of the September experiments 

were of enough difference, that the chemical effects of chlorina

tion on initial entrainment mortality in the summer were not 

apparent. 

In September delayed assessments (14-18 September and 24-29 

September 1 9 7 9 ) ,  the chemical effects of chlorination on delayed' 

entrahment mortality could not be estimated dye to high intake 

and discharge mortalities observed in the early stages of the 

24-29 September 1979 incubation. Large incubation temperature 

fluctuations were considered responsible. Greater than 90 per

cent of intake and discharge Acartia tonsa individuals died 

within 1 2  hr of incubation (Figure 9 . 5 - 1 2 ) .  This precludes com

parison with the 14-18 September incubation results. In the 14

18 September 1979 no chlorination run, mortality results of 

intake and discharge Acartia tonsa were not significantly dif

ferent (Table 9 . 5 - l ) ,  although discharge individuals exhibited 

less mortality than intake test organisms. Icanberry and 

Warrick (9-47) report similar results for Acartia clausi in 

studies of the Diablo Canyon, California power plant. There is 

a growing realization that the approach to delayed effects bio

assays may have to be re-evaluated, as live organisms captured 

after entrainment often exhibit greater tolerance of incubation 

conditions than control organisms. Such results were common in 

the present study for other plankton groups (see Decapoda dis

cussion). 
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The total entrainment mortality estimate for Acartia tonsa 

during the summer season was arrived at in the following manner: 

rate est.imatesof initial entrainment mortality for the September 

runs were averaged to yield a rate of 0.66. Delayed entrainmenr 

mortality could not be detected in the experiments. Therefore, 

the rate of 0.66was used in calculating summer mortality of A .-

tonsa due to entrainment (Table 9 . 5 - 3 ) .  

In the winter season, the December assessments yielded 

estimates of initial entrainment mortality much lower than those 

observed in the summer experiments. In the 1 December 1 9 7 9  no 

chlorination run, the observed discharge mortality rate was less 

than the intake rate and, as a result, the calculated initial 

entrainment mortality rate was - 0 . 2 2  (Table 9 . 5 - 1 ) .  The dif

ference in the proportions (live/[live + dead]) for the intake 
and discharge collections was not significant, and, therefore, 

the initial mortality rate was considered to be 0.00. In the 

10 December 1 9 7 9  chlorination run, the calculated estimate of 

initial mortality was 0 . 0 9  but the difference in the proportions 

was again not significant (Table 9 . 5 - 1 ) .  Therefore, the 10 

December 1 9 7 9  rate estimate was also 0.00. 

In the December assessments, water temperatures immediately 

after condenser passage for the two runs were not significantly 

different: 2 4 . 8  2 2 . 2  C ( 7 6 . 6  k 3 . 9  F) for the 1 December 1 9 7 9  

experiment and 2 7 . 2  5 3.0 C ( 8 0 . 9  2 5 . 4  F) for the 10 December 

1 9 7 9  run (Table 9 . 5 - 2 ,  Figure 9 . 5 - 1 ) .  The fact that both Decem

ber assessments yield an initial mortality rate of 0 . 0 0  when the 
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thermal conditions were not significantly different, suggests 


that chlorination is not a major influence on entrainment mortal


ity. 


In the delayed effects assessments performed in December, 

significant delayed entrainment mortality of A .  tonsa was ob-

served in the 1-5 December 1979 no chlorination bioassay, but no 

effect was observed in the 10-14 December 1979 chlorination run 

(Figures 9 . 5 - 8 ,  9 .5-16 ,  Table 9 . 5 - 1 ) .  The calculated delayed 

entrainnent mortality rate for the 1-5 December 1979 experiment 

was 0 . 4 8 .  In that run, at the end of 96 hr, 0 percent of the 

discharge individuals and 47.7 percent of the intake individuals 

were alive. In the 10-14 December 1979 bioassay, 46.4 percent 
- -__\ 

of the intake organisms and 4 1 . 6  percent of the discharge organ

isms were alive at the end of 96 hr. The difference in the lat

ter percentages was statistically insignificant (Table 9 . 5 - l ) ,  

and the calculated delayed entrainment mortality rate was 0 . 0 0 .  

The average incubation temperature in the 1-5 December 1979 

bioassay was 9 . 6  C ( 4 9 . 3  F) and temperatures were observed to 

increase from 8 C to 11 C over the course of incubation (Figure 

9 . 5 - 7 ) .  In the 10-14 December 1979 experiment, the average 

incubation temperature was 8 . 5  C ( 4 7 . 3  F) and temperatures were 

observed to steadily decrease from 1 2  C to 6 C during the 96 hr 

period (Figure 9.5-15) .  The effect of those temperature trends 

on mortality results is unknown, but, in any event, the chemical 

effect of chlorination on delayed entrainment mortality is unde

tectable. The results also indicate that delayed effects on 
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- -  

entrainment mortality may be appreciable in winter season. 
 The 

reason delayed effects are observed to be larger in the winter 


than the summer is unknown. 


The total entrainment mortality rate estimate for Acartia 

tonsa during the winter season was calculated in the following 

manner: the initial rate estimate in each December assessment 

was 0.00. The delayed rate estimates for the 1-5 December bio

assay, 0 . 4 8 ,  and the 1 0 - 1 4  December 1979 run, 0.00,were averaged 

to give an estimate of 0 . 2 4 .  Therefore, the total winter mor


tality rate used was 0 . 2 4  (Table 9.5-3). .-Other Copepod Species 

In the September assessments, the estimated initial entrain

ment mortality rate of other copepod species for the 14 September 

1979 no chlorination experiment was 0.79 and significant. In the 

2 4  September 1979 run, the estimate was 0 . 1 8 ,  not significant, 

and, therefore, was considered to be 0.00 (Table 9.5-1) .  Inter

pretation of those results is identical to explanations put forth 

previously in the discussion of A .  tonsa results. The high 


mortality estimate in the 14 September 1979 assessment is prob

ably related to the high entrainment temperatures experienced by 


organisms during sampling. The differences in environmental and 


plant operational characteristics were large enough to preclude 


an assessment of the effects of chlorination on initial entrain


ment mortality in September. 


In the September delayed effects bioassays, the 1 4 - 1 8  Sep

tember 1979 no chlorination run yielded a delayed mortality rate 
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estimate of - 0 . 1 9 ,  which was significant (Table 9 . 5 - 1 ,  Figure 

9 . 5 - 9 ) .  That estimate indicates that discharge copepods exhibi

ted greater survival than intake copepods during incubation. 

That result was observed and discussed for A .  tonsa. In the 24

29 September 1979 chlorination bioassay, approximately 90 percent 

of intake and discharge organisms were killed after 12 hours of 

incubation (Figure 9 . 5 - 1 7 )  and therefore delayed effects could 

not be estimated. Thus the chemical effects of chlorination on 

delayed entrainment mortality could not be estimated in Septem

ber. 

The total summer entrainment mortality rate estimate for 

-\ 

other copepod species was calculated a s  follows: the initial 

mortality rates for the September experiments were averaged to 

yield an estimate of 0 . 4 0 .  Delayed effects were observed to be 

near zero, and therefore, the total summer mortality estimate 

was placed at 0.40 (Table 9.5-3). 

In-theDecember assessments, the initial entrainment mortal

ity estimates were negative for both experiments (Table 9 . 5 - 1 ) .  

The results are probably related to sampling variability ( 9 - 4 8 ) .  

Those observations indicate that the initial entrainment mor

tality rate is near zero, with or without chlorination, for other 

copepods during the winter season. 

In the December delayed effects assessments, a significant 

delayed entrainment mortality estimate of 0.37 was observed in 

the 1-5 December 1 9 7 9  no chlorination run (Table 9.5-1,Figure 

9 . 5 - 9 ) .  In the 10-14 December 1979  chlorination run, discharge 
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copepods exhibited higher survival than intake copepods and the 

resulting mortality estimate was -0.12 (Table 9.5-1, Figure 


9 . 5 - 1 7 ) .  Similar results for December were observed and discus

sed for A .  tonsa. 

The total winter entrainment mortality rate estimate was 

calculated as follows: initial mortality for other copepods was 


considered essentially zero in winter. The delayed value used 


was the estimate generated by the 1-5 December 1 9 7 9  bioassay, 

0 . 3 7 .  It is felt that using that delayed estimate will give a 

more conservative estimate of entrainment mortality in the win


ter. Therefore, the total entrainment mortality rate estimate 


for winter was 0 . 3 7  (Table 9 . 5 - 3 ) .  

DecaDoda 


In September, the estimated initial entrainment mortality 


rate for decapods was 0.60 in t he  14 September 1979 no chlorina

tion run and 0.50 in the 2 4  September 1 9 7 9  chlorination experi

ment (Table 9 . 5 - 1 ) .  In both cases, the results were significant. 

The effect of chlorination on initial entrainment mortality could 


not be discerned in September because environmental and plant 


operational characteristics were different for each experiment. 


In delayed assessments in September, significant negative 


delayed mortality was observed in both bioassays (Table 9.5-1, 


Figures 9.5-10 and 9.5-18). In those cases, discharge decapods 


had significantly lower mortality than intake decapods: - 0 . 5 3  

0 
for the 14-18 September 1 9 7 9  bioassay, - 0 . 1 9  for the 24-29 Sep

tember 1979 run. Those observations may be related to the 
000’7Gbg 
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following considerations. Decapods collected alive for incuba


tion at the discharge have survived extremely stressful condi


tions (i.e., entrainment) and, therefore, may be considered 


generally hardy individuals. At the intake both hardy and weak 


individuals may be collected for incubation. Over the course of 

the bioassay, weak individuals in the intake collection may 

become less tolerant of incubation conditions than hardy individ

uals and therefore will exhibit a relatively higher mortality 

rate. That occurrence would increase the overall mortality rate 

of the intake collection. A s  the discharge collection contains 

predominantly hardy individuals, one may expect a relatively low 

overall mortality rate. Icanberry and Warrick ( 9 - 4 9 )  alluded to 

a similar mechanism. That explanation may be involved in the 

mortality rates exhibited by intake and discharge decapods. The 

higher overall mortality rates exhibited by intake and discharge 

decapods in the 24-29 September 1979 bioassay may be related to 

large incubation temperature fluctuations experienced by test 

organisms during the 9 6  hr period. 

The total summer entrainment mortality rate estimate for 


decapods was calculated as follows: the initial mortality esti


mates for the September runs were averaged to yield an estimate 


of 0 . 5 5 .  Delayed effects were not apparent in the September 

bioassays and therefore were considered 0.00.  Thus the total 

suminer entrainment mortality rate estimate was calculated to be 

0.55 (Table 9 . 5 - 3 ) .  
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In December assessments, the initial entrainment mortality 

estimates for decapods were 0.00 for the 1 December 1979 no 

chlorination run, and -0 .24  for the 10 December chlorination run 

(Table 9 . 5 - 1 ) .  Those results were not significantly different. 

The negative rate exhibited in the chlorination assessment prob

ably reElects sampling variability (9 -50) .  The presence or 

absence of chlorination did not appear to effect the initial 

entrainment mortality of decapods in December. 

In delayed effects assessments for decapods in December, 

results of 48 hr incubations in the 1 - 5  December 1979 no chlori

nation experiment yield a delayed mortality estimate of 0.51, 

and the 96 hr chlorination incubations during 10-14 December 1979 

yielded an estimate of 0 . 2 4  (Table 9.5-1 ,  Figures 9.5-10 and 9 .5 

1 8 ) .  Results of the 1-5  December 1979 bioassay are reported 

after 48 hr of incubation because formalin was inadvertantly 

added to the intake decapods after the 48 hr incubation check. 

This would explain why the exhibited mortality of intake decapods 

greatly increased between 48 and 72 hr in this experiment (Table 

9 .5 -10 ) .  

The total winter entrainment mortality rate estimate for 

decapods was calculated as follows: initial mortality was con

sidered 0.00. Delayed estimates were averaged to yield a value 

of 0.38. Therefore, the total winter mortality rate estimate 

for decapods was calculated to be 0.38 (Table 9 . 5 - 3 ) .  
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Other Crustacea 


Initial entrainment mortality rates of other crustacea for 

the September experiments were estimated to be 0 . 6 0  for the 14 

September 1 9 7 9  no chlorination run and 0 . 6 2  for the 2 4  September 

1 9 7 9  chlorination assessment (Table 9 . 5 - 1 ) .  Only the former 

estimate was statistically significant because low numbers of 

other crustacea collected for the latter ass'essmentlimited 

statistical inference. . 

In September delayed effects bioassays, the delayed entrain

ment mortality rate estimates for other crustacea were 0 . 3 4  for 

the 1 4 - 1 8  September 1979 no chlorination run and 0 . 0 9  for the 

24-49 September 1 9 7 9  chlorination bioassay (Table 9 . 5 - 1 ,  Figure 

9 . 5 - 1 1 ) .  Neither estimate was statistically significant; the 

14-18 September 1 9 7 9  bioassay was limited by low numbers. Thus, 

the effect of chlorination on delayed entrainment mortality of 

other crustacea could not be calculated. In the 1 4 - 1 8  September 

1 9 7 9  bioassay, discharge mortality was observed to increase sig

nificantly compared with intake test organisms in the first 3 hr 

of incubation. From that point on, the slopes of intake and 

discharge mortality were not significantly different (Figure 9 . 5 

11). The 24-29 September 1 9 7 9  intake and discharge bioassays 

exhibited essentially equivalent delayed mortality characteris

tics. 

The total summer entrainment mortality rate estimate for 


other crustacea was calculated as follows: the initial mortality 


rate estimates were averaged to yield a value of 0.61. Delayed 
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e 
mortality rate estimates were averaged to yield a value of 0.22 


Thus, of the 39 percent of the other crustacea estimated to 

survive entrainment, 22 percent, o r  an additional 8 percent of 

the total number entering the Plant, were estimated to die as a 


result of delayed effects. Thus the total summer entrainment 


mortality rate estimate for other crustacea equals 0.61+ 0.08 o r  

0 . 6 9  (Table 9.5-3). 

In December assessments, the initial entrainment mortality 

rate estimates of other crustacea were 0.09 in the 1 December 

1979 no chlorination run and 0.12 in the 10 Decrqeber chlorination 

run (Table 9.5-1). The values are not statistically significant. 

Delayed assessments for other crustacea in December could 

not be performed because virtually no other crustacea were col


lected at the intake or discharge during the sampling (Table 


9 .5 -1 ) .  

The total winter entrainment mortality rate estimate for 

other crustacea was calculated as follows: the two initial mor


tality estimates were averaged to yield a value of O.ll? while 


delayed estimates could not be determined. Although, initial 


mortality estimates were statistically insignificant, the values 


obtained were used because of the lack of delayed mortality 


estimates. Therefore, the total winter entrainment mortality 


rate estimates was considered to be 0.11 (Table 9.5-3) .  

Mysidacea 


In September initial entrainment mortality assessments for 


mysids, low numbers of individuals limited mortality rate 
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estimation. The 14 September 1979 no chlorination initial rate' 

estimate was 0 .85 ,  but not significant. The reason.is that only 

one live mysid was collected at the intake and this limited 

statistical inference (Table 9 .5 -1 ) .  In the.24-29September 1979 

chlorination run, mysids were only collected at the discharge and 

of those, 4 4 . 4  percent were alive. That observation suggests 

that entrainment may increase the susceptibility of mysids to 

collection (9-51) .  In any event, the chemical effects of chlor

ination on initial entrainment mortality were not apparent in 

September. No September delayed assessments could be performed 

because insufficient numbers of mysids were collected. Inspec

tion of entrainment data reveals that mysids were virtually 

absent in September (Section 8 . 0 ) .  

The total summer entrainment mortality rate estimates was 

calculated as follows: A s  only one estimate of initial mortality 

rate and no estimates of delayed mortality rates were made, the 

one estimate of 0 .85  was used as the total summer entrainment 

mortality rate estimate of mysids (Table 9.5-3). 

In December assessments, the 10 December 1979 chlorination 

experiment yielded an initial entrainment mortality estimate of 

0.52,which was not significant (Table 9.5-1) .  Low numbers.of 

intake individuals limited statistical inference. In the 1 De

cember 1979 no chlorination run, only one mysid, which was dead, 

was recovered from the intake, while 75 percent of the discharge 

mysids were collected alive. The initial mortality equation 

could not be used because it required division by zero percent 




e live f o r  the intake value; therefore no initial mortality esti

mate was made. 

In December delayed mortality assessments, inspection of 

Figure 9.5-13 reveals that, overall, mysid mortality during incu

bation was relatively low. Differences in the mortality of 


intake and discharge collections in both bioassays became appar


ent after 48 hr of incubation. The 1-5 December 1979 no chlori


nation run yielded a delayed mortality rate estimate of 0 .43  

(significant) and the 10-14December 1979 chlorination run rate 


estimate was 0.08 (not significant, Table 9.5-1). This result 


for December assessments was also observed for Acartia tonsa 


and may be related to the trends in incubation temperatures 


during the respective 96 hr of monitoring. Incubation tempera


tures constantly increased from 8 C to 11 C in the 1-5 December 

1979 bioassay and decreased from 12 C to 6 C in the 10-14Decem

ber run. The effect of those temperature trends on mortality 


results is unknown, but, in any event, the chemical effect of 


chlorination on delayed entrainment mortality cannot be isolated 


in December. 

The total winter entrainment mortality rate was calculated 

in the following manner: Only one initial mortality rate esti

mate could be made, 0.52 ,  for the chlorination experiment, and 

this was used for the initial rate estimate. The estimates for 

the delayed assessments were averaged to yield a value of 0.26. 

Therefore, of 48 percent of the mysids surviving entrainment, an 

additional 26 percent, or 12 percent of the total number 
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entrained, are a l s o  estimated to die from entrainment effects. e 
Therefore, the total winter mortality rate estimate for mysids 

was calculated to be 0 .64  (Table 9 . 5 - 3 ) .  

Chaetognaths 


The entrainment mortality assessments for chaetognaths had 

the lowest numbers of individuals of any plankton group studied 

(Table 9.5-1). A total of 23 chaetognaths (12 alive, 11 dead) 

were collected for initial mortality estimations and 1 live 

chaetognath was collected at the discharge. Therefore, the 

initial mortality rate estimate of 1 - 0 0  for the summer season is 

equivalent to the total entrainment mortality rate at this time. 

The winter initial rate estimate could not be determined because 

chaetognaths were not collected at both stations in’eachrun 

(Table 9.5-1). Chaetognaths are relatively fragile invertebrates 

and it was felt that chaetognath entrainment would probably 

result in 100 percent mortality, therefore, the summer mortality 

rate was used as an estimate of the winter rate. Total winter 

mortality was considered to be 1.00 (Table 9 .5 -3 ) .  

Other Zooplankton 


In September assessments for other zooplankton species, the 

estimated initial entrainment mortality rates were 0.85  for the 

14 September 1979 no chlorination run, and 0.31 for the 24 Sep

tember 1979 chlorination run (Table 9 . 5 - 1 ) .  Those values were 

statistically significant. The higher mortality rate for the 

no chlorination run versus the rate for the chlorination run was 

a l so  observed for A .  tonsa. Possible reasons for those results-
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were discussed for A .  tonsa and would ostensibly apply for these 

planktonic organisms (see A .  tonsa discussion). 

The delayed mortality rate estimations were 0.08 for the 14

18 September 1979  no chlorination bioassay and -0.02for the 24

29 September 1979 no chlorination bioassay (Table 9.5-1,Figure 

9.5-12). The latter delayed mortality rate was considered to be 


zero. Results from the chlorination bioassay are influenced by 


the large incubation temperature fluctuations discussed earlier, 


and, therefore, the chemical effects of chlorination on entrain

ment mortality were not apparent. 

The total summer entrainment mortality rate estimate was 

calculated as follows: The initial mortality estimates were 

averaged to yield a value of 0.58. The delayed mortality esti

mate used was, 0 . 0 4 ,  which was the average of the 14-18 September 

1979 bioassay and the 24-27 September 1 9 7 9  bioassay. Therefore, 

of the 42 percent of the other zooplankton species surviving 

entrainment, 4 percent or an additional 2 percent of the total 

number entrained were estimated to be killed by delayed effects. 

Thus, the total summer entrainment mortality rate estimate was 

0.61 (Table 9.5-3). 

e 

In December assessments, the initial mortality rate esti

mates were 0 . 2 0  for the 1 December 1 9 7 9  no chlorination bioassay 

and -0.55 for the 10 December 1979  chlorination experiment (Table 

9.5-1). The former estimate was significant but the latter was 

not and therefore the 10 December estimate was considered to be 

a 
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0.00. The low total number of organisms involved in each case 

influenced statistical inference. 

Delayed mortality rate estimates for other zooplankton spe

cies could not be made because virtually no individuals of these 

species were collected in December (Table 9.5-1) . 

The total winter entrainment mortality rate estimate was 

ca.lculatedas follows: The initial rate estimate of the 1 Decem

ber 1979 run, 0.20,was averaged with the initial estimate (the 

estimate of the 10 December 1979 experiment was ignored). A s  

delayed effects could not be estimated, total entrainment mor

tality was calculated to be 0.10 (Table 9 . 5 - 3 ) .  

Predation Effects on Invertebrate Zooplankton 


Statistical analyses of the predation data indicate that, 

in general, the magnitude of predation within intake channels 

on invertebrate zooplankton induced by attached organisms and 

nekton maintaining themselves within the intake tunnels of the 

plant is negligible (Table 9 . 5 - 4 ) .  Significant reduction in 

abundance was observed for chaetognaths in the 1 9  July 1979 335p 

mesh data. All other significant changes were increases in 

biotic abundances at the traveling screens relative to the in

take. These results were unexpected and may be a reflection of 

sampling variability. 

Quantitative estimates were calculated for periods when 3 3 5 ~  

mesh (18 May 1979 to 26 December 1979) and 50511 mesh (22 January 

1979 to 26 december 1979) sampling was performed. 
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The 3351~mesh estimates indicated that, in general, the 

number of invertebrate zooplankton killed during entrainment was 

a small portion of the available population in the outer lagoon. 

If the numbers of organisms present in the additional source 

waters (i.e., offshore region, middle lagoon and upper lagoon) 

were taken into account, the percentage of available organisms 

killed during entrainment would be even smaller. Calculations 

for a l l  source waters were not performed because monthly esti

mates of plankton abundances do not provide reliable quantitative 

estimates. Therefore, it is felt that the percentages listed in 

Table 9 . 7 - 1  are conservative estimates. 

The 505p mesh estimates generally indicate that the number 

of invertebrate zooplankton killed during entrainment was a small 

portion of the available population in the outer lagoon. The 

total 5 0 5 ~mesh invertebrate percentage was higher than the 3351~ 

mesh percentage (14.2 percent for 3 3 5 ~mesh versus 28.2 percenr 

for 5 0 5 ~mesh, Table 9 . 7 - 1 ) .  

Ichthyoplankton 


Larval Fish 


Since low numbers of larval fish were collected, mortality 

results are presented for larval fish as a taxonomic conglomer

ate. 

In September assessments, no larval fish were recovered 


alive at the discharge station. Thus the initial entrainment 


mortality rate estimate is 1-00in each case. Intake mortality 


for the 14 September 1979 no chlorination run was approximately
0 
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17 pcrcent; f o r  the 24 September 1979 chlorination experiment, 

it was approximately 8 1  percent (Table 9 . 6 - 1 ) .  The reason for 

the high intake mortality in the second run is unknown. Inspec

tion of species composition for the intake collections indicates 

that Hypsoblennius sp and members of the Gobiidae family were 

significant influences on mortality observed in the 24 September 

1979 assessment (Appendix Table 16 .3 -65 ) .  In any event, the 

chemical effects of chlorination on entrainment mortality were 

not discernable in September. 


Delayed effects could not be estimated in September because 

viable larvae were not collected at the discharge (Table 9 . 6 - 1 ) .  

Over 150 larvae collected at the discharge were examined for 

signs of life in each assessment. The absence of any viable 

larvae at the discharge increases confidence in the initial 

mortality rate estimate. 

Intake collections were incubated and monitored for 96 hr 

(Table 9 . 6 - 1 ,  Figure 9 .6 -2 ) .  In the 14-18 September 1979 run, 

35 percent of the larvae were alive at the end of incubation. 

In the 24-29 September 1979 run, 100 percent of the larvae were 

alive after incubation. The major increase in larval mortality 

for the 14-18 September 1979 incubation occurred after 72 hr 

(Figure 9 . 6 - 2 ) .  

A review of the literature indicates that larval fish gen

erally undergo irreversible damage if deprived of food for more 

than two or three days after yolk sac absorption (9-52, 9-53, 

9-54,  9 - 5 5 ) .  The sudden increase in larval mortality observed 
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e after 72 hr of incubation in that assessment may be a result of 


starvation. Realization of this limitation has prompted some 


researchers to report delayed mortality results for larval fish 


after 12 hr of incubation (9-56) .  However, the validity of thi.s 

approach is open to review. 

The total survival of the 24-29 September 1979 intake larvae 

is unexpected considering the larvae experienced numerous large 


incubation temperature fluctuations during the bioassay period. 


The species composition of the four larvae incubated was: three 


Syngnathus sp (pipe fish), and one Hypsopsetta guttulata (diamond 


turbot) , (Appendix Table 16.3-66)  . 

These species are considered hardy and easily reared in 

the laboratory ( 9 - 5 7 ) .  Apparently those species were not o n l y  

able to withstand starvation effects but also large fluctuations0 
in incubation temperatures. 


In December assessments, again, no viable larvae were col

lected at the discharge for initial mortality estimations (Table 

9 . 6 - 1 ) .  Therefore, the calculated initial entrainment mortality 

rate estimate is 1.00 for both runs and the chemical effects of 

chlorination on mortality are not apparent (Table 9 . 6 - 1 ) .  In 

the 1 December 1979 no chlorination run, 21 percent of the intake 

larvae were collected alive. In the 10 December 1979 chlorina

tion run 47 percent were alive. The differences in intake 

initial mortality exhibited by September and December assessments 

illustrates the variability involved in using the pump-larval 

sampler system. The observed variability may result froma 
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differences in the magnitude of natural mortality and in the e 
sampling tolerances of individual larvae and species. 

Delayed effects could not be assessed in December because 

no viable larvae were recovered at the discharge (Table 9 . 6 - 1 ) .  

Over 175 discharge larvae were inspected for signs of variabil

ity. The lack of any viable larvae at the discharge increases 

confidence in the initial mortality estimate. 


Intake larvae were incubated and monitored for 96 hr in both 

December assessments (Figure 9 .6 -2 ) .  In the 1 - 5  December 1979 

no chlorination run, 21 percent of the larvae were alive at the 

end of incubation; in the 10-14December 1979 chlorination run, 

28 percent were alive (Table 9 . 6 - 1 ) .  As in the 14 September 1979 

bioassay, major increases in mortality were observed after 72 

hr of incubation in both December assessments (Figure 9 .6 -2 ) .  

Inspection of species compositions for the three runs exhibiting 

mortality indicate that larvae of the family Gobiidae strongly 

influenced mortality results (Appendix Table 16.3-66) .  

This suggests that Gobiid larvae may be more susceptible to 


incubation and starvation effects than Syngnathus sp or Hypsop


setta guttulata. 


In overview of larval fish assessments, the total entrain


ment mortality rate estimate was considered 1.00 for every 


assessment (Table 9.5-3). Low numbers of larvae limit the pre


cision of those estimates; however, no larvae were ever recovered 


alive at the discharge. Ecological Analysts (9-58) report a 


mortality value for the Potrero Power Plant in San Francisco Bay 


8 
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0 


0 


of 25 percent. The estimate was calculated in the traditional 

manner by subtracting the percent dead at the intake from the 

percent dead at the discharge. The estimates calculated in the 

present study employed a more robust equation ( 9 - 5 9 ) .  

Fish Eggs 

Mortality results are presented for fish eggs as a taxonomic 

conglomerate. In September assessments, the estimated initial 

mortality rate of fish eggs for the 14 September 1 9 7 9  no chlori

nation experiment was 0 . 9 0  and significant; the 24 September 1 9 7 9  

chlorination run yielded a significant estimate of 0 . 8 4  (Table 

9 . 6 - 1 ) .  In both runs, eggs of the Sciaenid family were predon

inant (Appendix Table 9 . 6 - 6 5 ) .  The chemical effects of chlorina

tion on entrainment mortality were not apparent in the summer 

season. It is felt that differences in environmental and plant 

operational characteristics were large enough to preclude assess

ment of chlorination effects. 

September delayed effects assessments were hampered by low 

numbers of incubated eggs (Table 9 . 6 - 1 )  and high mortality during 

incubations (Figures 9 . 6 - 3 ,  9 . 6 - 4 ) .  The difference in percent 

alive intake and discharge eggs of the 1 4 - 1 8  September 1 9 7 9  no 

chlorination bioassay was 0 . 0 4  and not significant. The differ

ence for the 24-29 September 1 9 7 9  chlorination run was 0.00 

(Table 9 . 6 - 1 ) .  In the no chlorination run, low mortality was 

observed up until 48 hr, and then a significant increase was 

recorded] where, by 7 2  hr, all the discharge eggs and 96 percent 

of the intake eggs had died (Figure 9 . 6 - 3 ) .  Three Sciaenid eggs 
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hatched by 48 hr in the intake collection, and remained alive 

throughout the remaining incubation. In the chlorination bioas

say, all intake eggs were dead by 12 hr and all discharge eggs 

were dead by 48 hr (Figure 9 . 6 - 4 ) .  Sciaenid eggs were again 

predominant (Appendix Table 1 6 . 3 - 6 6 ) .  The results of the 24-29 

September 1979  bioassay may have been influenced by large tem

perature fluctuations during incubation. 

The total summer entrainment mortality rate estimate was 

calculated in the following manner: The initial rate estimates 

for the two experiments were averaged to yield a value of 0 . 8 7 .  

The delayed estimates were also averaged to yield a value of 

0 . 0 2 .  That delayed estimate had an insignificant effect on the 

initial estimate; therefore, the total estimate was considered to 

be 0 . 8 7  (Table 9 . 5 - 3 ) .  

In winter assessments, the initial entrainment mortality 

rate estimates were: 0 . 7 0  in the 1 December 1 9 7 9  no chlorination 

run and 0 . 5 4  in the 10 December 1979 chlorination run. The 

former value was statistically insignificant because sample sizes 

w e r e  small (Table 9.6-1). The eggs were 39 percent unidenti

fied, 32 percent Citharichthys s p ,  22 percent Pleuronichthys 

ritteri; and 3 percent Sciaenids (Appendix Table 1 6 . 3 - 6 5 ) .  The 

chemical effect of chlorination on entrainment mortality was not 

apparent. 

In delayed assessments, a mortality estimate could not be 

made for the 10-14 December 1 9 7 9  chlorination bioassay because 

intake eggs were not collected (Table 9 . 6 - 1 ) .  In the 1 - 5  
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e 
December 1979 no chlorination experiment, all three intake eggs 

were dead by 9 hr and all discharge eggs were dead in 48 hr 

(Figure 9.6-3). Eggs in those assessments were predominantly 

unidentifiable (Appendix Table 16.3-66). Therefore, the esti

mated delayed mortality rate was calculated to be 0.00 (Table 

9.6-1). 


The total winter entrainment mortality rate estimate was 


calculated in the following'manner: 
The initial mortality rate 


estimates were averaged to yield a value of 0.62. Delayed 

effects could not be adequately assessed in December; therefore, 

the total entrainment mortality rate estimate for fish eggs was 

considered to be 0.62 (Table 9.5-3). 

a 
 In overview of fish egg assessments, September initial mor


tality estimates should be given maximum weight as sample sizes 


were sufficient. December initial estimates are weakened by 


small sample sizes. Delayed effects were hampered by low sample 


size and high incubation mortality. Constant agitation of incu


bation chambers through bubbling might improve fish egg delayed 


assessments. In any event, higher entrainment mortality was 


estimated for the summer season compared with the winter season. 


Statistical analyses of the predation data for ichthgoplank

ton indicates that, in general, the magnitude of predation within 

intake channels is negligible (Table 9 . 5 - 4 ) .  A significant re

duction in fish egg abundanc,eof 57 percent was observed in the 

19 July 1979, 5051-1mesh data, but all other egg analyses indica


ted insignificant reductions. Larval fish abundance was observed
a 
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. to significantly increase in two analyses: a 2.2 fold average 

increase in the 22 August 1979 50511 data, and a 2.3 fold average 

increase in the combined 505p data. The remaining analyses 

indicated insignificant changes in abundance. The observed 

increases were unexpected and may be a reflection of sampling 

variability. 

Quantitative ichthyoplankton estimates were calculated for 

periods when 335p mesh (18 May 1979 to 26 December 1979) and 

505p mesh (22 January 1979 to 26 December 1979) sampling was 

performed. 

The 3 3 5 ~estimates indicated that a major portion of the 

ichthyoplankton present in outer lagoon were killed during 

entrainment (Table 9 . 7 - 2 ) .  I f  the numbers of ichthyoplankton 

present in the additional source waters (i.e., offshore region, 

middle lagoon and upper lagoon) were taken into account the 

percentage would be smaller. Calculations of abundance estimates 

f o r  those source waters were not performed because monthly esti

mates of plankton abundances do not provide reliable quantitative 

estimates. Therefore, it is felt that the percentages listed in 

T a b l e  9 . 7 - 2  are conservative estimates. 

The 50511 estimates indicate that a major portion of the 

ichthyoplankton present in the outer lagoon were killed during 

entrainment. The major influence on the ichthyoplankton results 

were fish eggs. More eggs were killed during entrainment than 

were present in the outer lagoon. The excess percentage was 
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e 
ultimately d e r i v e d  from offshore, as the Power Plant takes in 

2.18 times the o u t e r  lagoon volume of water per day. 
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10.0 


ENVIRONMENTAL IMPACT ASSESSMENT 


The purpose of this section is to assess the level and signifi

cance of environmental impact which occurs due to the operation 

of the Encina Power Plant and its intake system as now installed 

and operated. This assessment is based on the findings of the 

studies reported in preceding report sections and considers the 

loss of nekton and plankton organisms which can be attributed 

to the power plant operation. Comparisons of plant induced 

losses with losses to the populations in the cooling water source 

waters from other factors are applied to determine the relative 

significance of the power plant's present impact. 

10.1 GENERAL INFORMATION 

Fish removals can occur as the result of various factors: 

0 Commercial/recreational losses 

0 Natural losses 

0 Impingement 

0 Entrainment 

Plankton removals can occur as a result of: 

a Natural losses 

0 Entrainment 

0 Impingement (on small mesh screens) 

The removals of nekton and plankton as a result of operation of 
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thc power plant were due to entrainment and impingement. These e 
are discussed below relative to the other method; of removal. 

1 0 . 2  FISH REMOVAL 

Fish removals at the Encina Power Plant were a result of 


impingement on traveling screens and mortalities caused by 


thermal treatment and subsequent removals of the traveling 


screens. 


All impinged fish were collected and counted twice daily 

for the one year study. All fish removed during the seven ther

mal treatments conducted during the year long study were collec

ted and counted. Impingement sampling daily for 336 days col

lected 79 ,662  fish weighing 1548  Kg ( 3 4 1 4  lb). Thermal treat

ments (7) during the year removed 108,102 fish weighing 2422 Kg 

(5341 l b ) .  This amounted to a total fish removal for the year 

of 1 8 7 , 7 6 4  fish weighing 3817 Kg (8417  lb). A breakdown of the 

removals by species is given in Tables 10.2-1. The top ten 

ranked fish removed were: deepbody anchovy, topsmelt, northern 

anchovy, que'enfish,shiner surfperch, California grunion, wall, 

eye surfperch, round stingray, giant kelpfish, and white surf-

perch in decreasing order of abundance. Of these ten fish, five 

were listed in the study plan as critical species, and four 

others were additional species'treatedas critical. Only white 

perch was not in either of these categories. 
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a 


10.2.1 Removal Versus Source Water Resourcec. 


Most of the species removed by the power plant are wide


spread along the southern California and BajaCaliforn'iacoasts. 


If the estimates of abundances made for the study area were ex


panded to include this area of distribution for most species, 


annual removals would fall well below one percent of the stand


ing crop. 


Estimates of fish abundance for the study area offshore and 

in the lagoon were based on fish catches made in accordance with 

the stGdy plan. A standing crop of 1,058,178fishes was deter

mined for the study area (Figure 6.5-15) as described in Section 

6 .5 .7 .  The average daily power plant removal was only 0.02 per

cent of the estimated standing crop in the study area. The 

standing crop as cited here is an instantaneous estimate of 

numbers present at a given time and does not include recruitment 

of new fish to the population or migrations into or out of the 

study area from outside areas. Power plant removals include all 

removals for an average day. 

10.2.2 Removal Versus Commercial/Recreational Losses 


Commercial and recreational losses given below cover a much 


greater area than the study area as reported landings include 


much larger regions. 


The Encina Power Plant removals amounted to 0.05 percent of 

the commercial landings in the San Diego area. Commercial marine 

landings in 1979 in California amounted to 728 million pounds. 
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0 San Diego area  landings (Mexican border t o  San Clemente) were 156 

m i l l i o n  pounds. I f  tuna landings,  most of which w e r e  caught i n  

fo re ign  waters, a r e  removed from t h e  catch t o t a l ,  t he  power 

p l a n t  removals amount t o  about 0.07 percent of t he  commercial 

landings i n  the  San Diego a rea .  I f  broken down by f i s h i n g  ves

s e l ,  t h e  power p lan t  removed about 48 percent of the  f i s h  caught 

( inc luding  tuna) by one f i s h i n g  vessel f o r  the  year .  This de te r 

mination assumed approximately 900 f i s h i n g  vesse l s  i n  the  San 

Diego a r e a  (10-2) ,  d ividing the  ca tch  equal ly  among v e s s e l s .  

I f  tuna are excluded, t he  power p l a n t  removal amounted t o  approx

imately 66 percent of a s i n g l e  v e s s e l ' s  y e a r l y  ca t ch .  

P a r t y  boat landings during a one-year period between Imper

i a l  Beach and Dana Harbor were over 1,300,000 f i s h  f o r  t he  f irst* t e n  months of 1 9 7 9 .  This does no t  account f o r  any f i s h  taken 

from p i e r s ,  j e t t i e s ,  p r i v a t e  boa t s ,  o r  shoref i sh ing  for which 

t h e r e  are no recent  accurate  published records .  Surveys i n  

1964-1966 (10-1) f o r  the southern Ca l i fo rn ia  c o a s t a l  a r ea  ( P t .  

Conception t o  t h e  Mexican border) found t h a t  77 percent  of t h e  

t o t a l  s p o r t f i s h i n g  e f f o r t  w a s  expended i n  a reas  o the r  than p a r t y  

boa t s .  Over 1,844,000 f i s h  w e r e  taken from p i e r s  and j e t t i e s ,  

981,000 from p r i v a t e  boats and 501,000 from the  sho re l ine .  The  

t o t a l  ca tch  including pa r ty  boats  was 7,326,000 f i s h .  The spor t -

f i s h i n g  survey conducted a s  a p a r t  of t h e  study p lan  i n  the 

v i c i n i t y  of t he  Encina Power P lan t  (Agua Hedionda Lagoon and 

ocean beach) during 1979  for t h i s  r e p o r t  es t imated 2,157 

f i s h  caught f o r  t h e  yea r .a 
 Based on t h e  conservat ive applicati .on 
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of party boat landings, estimates of private boat and shore 


fishermen, it can be safely assumed that power plant removals 


amounted to less than seven percent of the numbers of fish re


moved from the coastal zone by recreational activity or sports-


fishermen in 1979 between the Mexican border and Dana Point. 


10.2.3 Removal Versus Natural Losses 


Power plant yearly removals (187,764fish) are very small 

compared to annual mortality rates of 20-30 percent due to natu

ral losses (10-3). Natural losses of fish populations were not 

measured in this study, however such losses are known to result 

from: 

Predation at all stages of development 

0 Limited food supply 

0 Disease 

0 Old age 

0 Environmental factors 

0 Natural toxins (i.e., "red tide") 

0 Others 

These different forms of natural loss result from environmental 

effects such as temperature, physical effects such a s  currents 

and drift, and biological effects such as developmental, meta

bolic or density dependent factors. 

Most marine f i s h  have very large fecundities (up to two 

million eggs) which indicates a very large natural mortality 

since survival of only two eggs during the lifetime of a single 

male and female fish is a l l  that would be required to maintain 



the population at a constant level. Gulland (10-3) reports an

nual mortalities for fish two to three years of age and older 

as 20-30 percent per year. The greatest losses occur in the 

early stages of development, where mortalities of over 99 per

cent are reported (10-3). 

1 0 . 2 . 4  Removal Probabilities 

Probabilities of removal for fish species are difficult to 

estimate as nekton species are free to move in or out of Agua 

Hedionda Lagoon. Once fish species enter the intake system, 

their probability of removal is high relative to species that 

have not entered the intake. Removals of fish entering the in

take system could result from impingement or mortality suffered 

during thermal treatment (for those species which maintain them

selves in the tunnels). It is possible for some species to exit 

the intake system at the entrance after entering and/or spending 

time within the intake tunnels. Removals during heat treatments 

indicated certain species are maintaining themselves for some 

time within the tunnel system as they are not captured during 

daily impingement sampling. These are primarily demersal forms 

(i.e. , midshipmen, halibut, moray eel, octopus, etc.) . 
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10 .3  ENTRAINMENT 

Not all organisms entrained are killed in passing through 

the power plant cooling water system. Entrainment effects are 

confined to those planktonic organisms which are small enough to 

pass through the traveling screens and transit the power plant's 

cooling water system. Mortalities of entrained organisms can be 

due to thermal, mechanical and chemical effects encountered dur

ing entrainment. In assessing the environmental impact of en

trainment, a "worst case" estimate was used. These estimates 

were based on collections made with the 33511 plankton nets, which 

were consistently higher than the estimates obtained from the 

50ju  nets. 

10.3.1 Effect on Invertebrate Population 
7 9 

The effect on the invertebrate population of 8 . 4 5 ~ 1 0  inver

tebrate organisms entrained daily is negligible as the mortality 


of 37 percent of these organisms (3.12~10
7 ) comprises only 0.2 

percent of the number available within one day's travel time of 


the power plant. 


Invertebrate populations entrained annually were estimated 

10to be 3.09~10 organisms. A breakdown by plankton groups of the 

number entrained is presented in Table 10.3-1. Acartia tonsa 


comprised 56 percent of the invertebrate species entrained. 


10.3.2 Effect on Fish Populations 


The effect on the fish populations (ichthyoplankton) of 

71.82~10 fish larvae and eggs entrained daily w a s  small. With 



-- 

Table 10.3-1. 


ANNUAL NWiBER OF INVERTEBRATE ORGANISMS ENTRAINED AiJD 
ENTRAINMENT MORTALITY ESTIMATES FOR 

33511 MESH NET COLLECTION DATA 
ENCINA POWER PLANT - AUGUST 1, 1979 

Plankton Group 


A c a r t i a  tonsa 

Other copepods 


Mysidacea 


+\ 
c-_ 


Decapoda 


Other crustacea 


Chaetognatha 


Other zooplankton 


TOTAL 

Estimated Percent 
Estimated 
Annual 

Annual 
Entrainment 

Mortality
of Numbers 

Entrainment Morta1ity Entrained 

1.74~10~' 6.67~10~ 38% 

3 . 0 9 ~ 1 09 1.15~10~ 37% 
82.44~10 9.09x107 37% 

4.84~10' 1 . 8 0 ~ 1 0 ~  37% 
92.54~10 89.46~10 37% 

6.68~108 2.48x108 37% 

-2.07~109 7.71~10~ 37% 

3 . 0 9 ~ 1 0 ~ ~  1 . 1 7 ~ 1 0 ~ ~  37% 
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a mortality of 66 percent (due to entrainment) of these orga

nisms entrainment effects amount to 7 . 4  percent of the numbers 

available within one day's travel time of the power plant. Na

tural mortality rates during the egg and larval stages of most 

marine fish species is over 99 percent (10-3). 

Ichthyoplankton annual entrainment was estimated to be 
96 . 6 6 ~ 1 0  fish larvae and eggs (Table 10.3-2).  Eggs comprised 86 

percent of the total. Estimated mortality of fish eggs was 60 

percent due to entrainment. For fish larvae 100 percent mortal


ity resulted from entrainment. Because of the predominance of 


fish eggs in ichthyoplankton samples and their lower mortality 


percentage, the mortality of fish eggs and larvae combined (ich

thyoplankton) was 66 percent. 

Estimated annual mortality of entrained ichthyoplankton 

amounted to 4.4~10'  fish eggs and larvae (Table 10.3-2). 

10.3 .3  Effect on Primary Productivity 

The effects of entrainment on primary productivity were 

found to be insignificant. 

Entrainment effects on primary productivity (phytoplankton) 

were examined utilizing chlorophyll -a pigment analysis and light-

dark bottle oxygen determinations. 

Pigment concentrations for water entrained is given in Table 

10.3-3.  In most cases, the decreases in phytoplankton pigment 

levels were minimal (..14 percent) and in one case an increase 

was noted following entrainment (Table 10.3-3). In statistical 

analysis of pigment concentrations, in only one of the four 
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Table 10.3-2. 


ANNUAL NUMBER OF FISH EGGS AND LARVAE ENTRAINED 
AND ENTRAINMENT MORTALITY ESTIMATES FOR 

33511 MESH NET COLLECTION DATA 
ENCINA POWER PLANT - AUGUST 1, 1979 

Plankton Group 


Fish eggs 


Fish larvae 

TOTAL -

Est i m a  ted 
Annual 
Entrainment 

5.74~10 
9 

9.19x108 

9
6.66~10 


Estimated Percent 

Annual Mortality

Entrainment of Numbers 

Mortality Entrained 


3.48~10’ 60% 

9.19x108 100% 
94 . 4 0 ~ 1 0  6 6% 
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e 	 analyses was there a statistically significant change following 

entrainment. 

In light-dark bottle determinations, net productivity values 


were low in magnitude. Negative respiration values confounded 


estimates of gross productivity. This problem is reported by 


other workers (10-4) in Agua Hedionda Lagoon. Statistical 


tests run on net productivity estimates indicated no statisti


cally significant change in productivity following entrainment 


(Table 10.3-3) in all experiments but one. Because of the rapid 


regeneration time of primary producers and the low 1evels.of 


change detected following entrainment, the effects of entrainment 


on primary production are considered to be insignificant. This 


is especially true in that the coolingwaters are continuous with, 


and a part of, the Pacific Ocean.
0 
10.3.4 Entrainment Probabilities 


Isopleths of entrainment probabilities were drawn for a por
-. 
tion of the far-field (offshore) zone and the near field (Outer 


Agua Hedionda Lagoon Segment) (Figures 5.5-1 thru 5.5-7). 

\ 

At the seaward entrance to Agua Hedionda Lagoon, a water 

parcel has a 34 percent probability of entering the lagoon; off

shore probabilities must decrease with distance to the volume 
6limit (2.0~10 m3) where the probability for one-day entry is 

zero. The extent of chis one day zone is approximately 26 km 


(16 mi.) upcoast (Figure 5.5-1). 


Probability of entrainment for the majority of the near- a 

field zone is greater than 10 percent. The 10 percent isopleth 
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i s  c o n s i s t e n t l y  found near t h e  nor thern  and eas t e rn  ex t remi t ies  

of the  lagoon segment. This t y p e  of d i s t r i b u t i o n  permits plank

t o n i c  forms a 90 percent  p robab i l i t y  of escaping entrainment.  

I n  o ther  words, not a l l  of t h e  plankton d r i f t i n g  i n t o  t h e  lagoon 

system can be en t ra ined;  a c e r t a i n  populat ion must a l s o  r e t u r n  

t o  the  ocean on each ebb t i d e .  Planktonic ma te r i a l  has a more 

than even chance of no t  being en t r a ined  over most of t he  a rea  of 

t h e  lagoon segment. The 70 and 90 percent  i sop le ths  a r e  

usua l ly  loca t ed  w e l l  wi th in  the  southern t h i r d  of t h e  lagoon 

segment. The i sop le ths  s h i f t  toward the  seaward entrance on a 

f lood t i d e ,  and toward t h e  middle lagoon segment entrance on an 

ebb t i d e .  

Using 70 percent entrainment p r o b a b i l i t y  i sop le ths  t o  

def ine in t ake  e f f e c t s ,  Figures 5.5-2 through 5.5-7 show t h a t  

t he  maximum e x t e n t  of t he  in t ake  e f f e c t  i s  about 304 m (1000 f t )  

i n t o  the  southern end of t he  outer  lagoon segment. 
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' 10.4 COMBINED EFFECTS OF FISH REMOVAL AND ENTRAINMENT 

The annual removals by the Encina Power Plant amounted to 

187,764 fish and 1 . 6 1 ~ 1 0 ~ ~plankton organisms. The plankton 


organisms were comprised of 1 . 1 7 ~ 1 0 ~ ~  9
invertebrates and 4.4~10 

fish eggs and larvae. These numbers are extremely low relative 

to the numbers available in the source waters, as shown in Sec

tions 10.2 and 10.3, where daily fish removals were shown to be 

0.02 percent of the estimated standing crop in the study area, 

and average daily plankton losses amounted to 0 .2  percent of 

plankton available within one day's travel time of the power 

plant. 
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10.5  DISCUSSION 

Generally,  t he  organisms impinged and en t ra ined  a r e  species  e 
which occur throughout the ocean waters of southern Cal i forn ia  

A majori ty  of t he  t e n  most  abundant impinged f i s h e s  (which account 

f o r  92 percent  of t he  numbers impinged) a r e  d i s t r i b u t e d  from Baja 

Ca l i fo rn ia  t o  Canada and the  o thers  are d i s t r i b u t e d  along a l a rge  

po r t ion  of the  P a c i f i c  Coast (Table 10 .5 .1) .  They a r e  spec ies  

common t o  coas t a l  waters .  

The numbers which e n t e r  AguaHediondaLagoon and a r e  impinged 

by the  power p l a n t  a r e  very small  compared t o  t h e  s ize  of the  pop

u l a t i o n  throughout i t s  range. Of the  t e n  most abundant spec ie s ,  

only h a l f  have any commercial o r  r e c r e a t i o n a l  importance. Four 

( topsmelt ,  nor thern anchovy, walleye sur fperch  and w h i t e  surfperch) 

a r e  taken commercially. Four ( topsmelt ,  Ca l i fo rn ia  grunion, wall- a 
eye sur fperch ,  and white surfperch)  are taken by sportsfishermen. 

The removals by the Encina power p l an t  are not expected t o  

have any s i g n i f i c a n t  impact on f i s h i n g  a c t i v i t y .  

0 	 The 32,000 topsmelt removed annually amount t o  

0 . 1  percent  of  t he  Ca l i fo rn ia  commercial s m e l t  

ca tch (a  minor f i s h e r y ) .  

0 	 The 27 ,000  northern anchovy removed annually 

amount t o  0.0004 percent of t he  Ca l i fo rn ia  

commercial northern anchovy ca t ch .  

0 	 The 1 2 , 5 3 7  perch (walleye and white perch) removed 

annually amount t o  0 . 4  percent of t h e  Ca l i fo rn ia  

commercial perch ca tch  (10-5). 
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Many of t h e  causes of n a t u r a l  loss are r e l a t e d  t o  popula

t i o n  d e n s i t i e s .  Predat ion can be dependent on dens i ty  a s  f i s h e s  

present  i n  l a r g e  numbers a r e  o f t e n  easy prey f o r  preda tors  as 

opposed t o  species which a r e  sparse ly  d i s t r i b u t e d  o r  occur as  

s o l i t a r y  ind iv idua l s .  Natural  l o s ses  due t o  l i m i t e d  food supply 

are dependent on t h e  dens i ty  of t he  consumer s p e c i e s ,  s ince  a 

l imi t ed  food supply w i l l  r e s u l t  i n  s t a r v a t i o n  of some indiv idua ls  

when they a r e  too abundant. Natural losses  due t o . t h e  spread 

of d i sease  can be dependent on d e n s i t i e s  of the  i n f e c t e d  popula

t i o n .  Because of t h i s  densi ty  dependence a c e r t a i n  por t ion  of 

most marine populations must be removed t o  allow t h e  remaining 

organisms t o  surv ive  t o  matur i ty  by avoiding preda t ion ,  f ind ing  

adequate food, and no t  being k i l l e d  by d i sease .  If  these  num

bers  t h a t  must be removed are not  decimated by one f a c t o r ,  

another may prove l e t h a l .  I n  t h i s  sense,  the  power p l an t  may 

serve  as a method of cropping some of the excess ind iv idua l s ,  

providing the  population i s  not a l ready i n  a dec l in ing  s t a t e .  

Because of the  small  numbers impinged r e l a t i v e  t o  the  s i z e  

of the populat ions,  t he  numbers removed by f i s h i n g ,  and n a t u r a l  

l o s s e s ,  t he  f i s h  populations a r e  not  expected t o  be adversely 

a f f ec t ed  by impingement a t  t h e  power p l a n t .  

Plankton entrainment included a l l  organisms a b l e  t o  pass 

through the  0 . 9 5  c m  ( 3 / 8  i n . )  t r a v e l l i n g  screens .  Inve r t eb ra t e  

species  included r ep resen ta t ives  of a l l  major groups (Table 

6 . 4 - 7 1 ,  b u t  were predominantly copepods. I n  s p i t e  of guide

l i n e s  suggesting the  impact of entrainment on plankton t o  be 
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minimal (10-6 ,  10-7) s t u d i e s  were conducted t o  eva lua te  the  

e f f e c t s  of entrainment.  The e f f e c t s  were evaluated i n  terms of 

percent  cropping of t he  population i n  the  source w a t e r  body. 

The comparison was confined t o  t h e  por t ion  of t h e  source water 

body which had a p robab i l i t y  of being en t ra ined  i n  one day. 

Overal l ,  0 . 2  percent  of t he  plankton organisms ava i l ab le  wi th in  

one day 's  t r a v e l  t i m e  of the  in t ake  s t r u c t u r e  w e r e  I1croppedltby 

t h e  power p l a n t .  The percentage r a t e s  var ied  f o r  t he  d i f f e r e n t  

plankton groups (Table 10.5-2) .  The h ighes t  cropping r a t e s  

occurred f o r  f i s h  la rvae  ( 2 1 . 7  percent)  and f i s h  eggs ( 6 . 3  per

c e n t ) .  Similar annual losses  were repor ted  f o r  San Onofre 
8Nuclear Generating S t a t i o n  ( 8 . 7 5 ~ 1 0  ) f i s h  la rvae  as were found 

8a t  Encina Power P lan t  (9.19~10) s t u d i e s  (10-8).  However, t h e  a 	 flow r a t e  a t  Encina i s  approximately double the  flow rate a t  San 

Onofre. With similar flow r a t e s ,  i t  would appear t h a t  l o s ses  a t  

San Onofre would be double those a t  Encina. Lowest l o s ses  

( 0 . 2  percent)  a t  Encina occurred f o r  zooplankton. Because of 

t h e  heavy losses t o  plankton i n  e a r l y  stages of t h e i r  develop

ment and the  low number of the  equivalent  a d u l t s  which would 

r e s u l t  from these l o s t  l a rvae  compared t o  o the r  l o s ses  ( f i s h i n g ,  

n a t u r a l  losses)  discussed previously,  no s i g n i f i c a n t  decrease i n  

the  number of plankton organisms i s  an t i c ipa t ed  due t o  en t r a in 

ment. I t  i s  l i k e l y  t h a t  the  abundance of f i s h  l a rvae  a r e  

underestimated i n  the  source water body as t h i s  i s  the  one 

plankton species  most a b l e  t o  avoid t h e  sampling gear .  

10-21 




I 

P 

* I  , I :,. * I
i I  I I  0 0 
I 1  : I '  I), r i  
I
w, IT , 

3 

.. PI 
t i  I-

L11PI  I.I F *
0 C) rl 0
0 0 3' 
z) 'U $ R 
I- I- tu T 
P, D, Y1 3 0
x x w

R rt

0 0 r M 

3 3 z1 CA 


cj 

0

3 
 8 

cj

M 
CA 


cn w F U 

U W c VIX x X X 
O 
I- I-

0 
r-' FO cn U r n  0 
W 

0 

I- I-	 W P I - I - I - I- 03. . . . .  
wl v1 0 rnm wl r 3 . A  m W
X X 

Y I- 5 5  I-

X 
I-
x 


0 O 0 0  0 0
I- I- c n w  I- U0 0 O 

I- k-	 W I - I - N I - w  F F. . .  . . .W 
0 

m W I - w  N W u l  N m Y
7I- c n u  P W r n  a N m oXX 

I- V k F
X X E x x X x
r-' 


0 0 0 0 0  
I - I - t f .  E F I - *  

x 

w r 0 0 w w  0 0 0  0 0 0 0  
0 0 m u w  I- 03 U c aO 

W N r n .N P N W I - I- N u l. . . . . . 
c N w * c n u l P I - w  N, c n c n0 0 I - W W W W L n N 0 N Wx x x x x5 I-

x x
I - I - I - e l - I - I -

x 
I-
X 

+ I -
x x 

0 O 0 0 0 0 0 0 0  
U U m c n m r n v I r 3 . A  O U 

0 0  
mm 

R 5:
8
0
z 

c3 0 -4 

N N 
.'1 :.9 * 

0 
9 

10-22 



Overall, the impacts of entrainment and impingement were 


found to be small and the populations should not diminish due to 


power plant effects. 
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11.0 

ECOLOGICAL EVALUATION OF EXISTING INTAKE SYSTEM 

The existing intake system and its operation were described in 


Section 3.0. A description of the site and location of the 


power plant were given in Sections 2.1.1 and 2.1.2. This sec


tion will provide an ecological evaluation of the existing 


intake system with respect to: 


0 Location 


0 Design and Construction 


0 Capacity (Operation) 


11.1 LOCATION 


The location of the intake structure at the southern end 


of Outer Agua Hedionda Lagoon provides for several ecological 


advantages: 


0 	 It avoids direct impact on the greater population 

densities existent in offshore f i s h  and plankton 

populations, 

0 	 Because of its flow maintenance requirements it en

hances adequate tidal flushing of Agua Hedionda 

Lagoon, 

0 	 Due to its specific location it allows lagoon species 

an opportunity to pass into the middle and upper 

lagoon segments on flood tide, or offshore on ebb 

tide rather than.enter the intake system, 
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0 

In 


tion of 


Its location has permitted the development of a viable 


marine habitat and nursery area for fish and inverte


brate species, 


and, considering the higher population densities 


offshore it effectively reduces impingement and 


entrainment that would result from an offshore location. 


conjunction with its ocean discharge, the present loca


the intake structure in the outer segment of Agua 


Hedionda Lagoon serves to separate the intake structure from 


the discharge and works to prevent re-entrainment of cooling 


waters and their biological constituents. 


In general, the location is considered to be a good one from 


an ecological point of view. None of the various coastal lagoons 


in San Diego County, with the exception of Agua Hedionda Lagoon, 


provide adequate habitat for marine species since they are usu


ally closed to ocean flushing. Siltation from runoff has filled 


in portions of most of them, and reduced water depths in the 


remaining portions. Eutrophication and stagnation are common. 


Although some provide unique habitat for bird life and offer a 


sanctuary for important species, most are unsuitable for marine 


species and fish life. Agua Hedionda Lagoon, on the other hand, 

as a result of the location of the power plant intake and main

tenance dredging, experiences adequate tidal flushing and pro

vides quality marine habitat for over 90 species of fish. In 

addition, eel grass beds and habitats within the lagoon provide 
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nursery areas for fish species which would not exist without 


the power plant intake being located within the lagoon, with its 


need for biennial maintenance dredging of the outer lagoon seg

ment. Fish and plankton densities in the outer lagoon segment 

are lower than in the offshore area so that from an entrainment 

and impingement standpoint the lagoon location for the intake 

structure is environmentally more preferable than the offshore 

location. Location of the intake in the southern end of the 

outer lagoon segment minimizes impact on organisms entering the 

outer lagoon from offshore. The location of the ocean.inlet to 

the lagoon in the northern end of the outer lagoon segment allows 

organisms an opportunity to enter the middle and upper lagoon 

segments at the midpoint of the outer lagoon before reaching 

the intake at the southern end. 
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1 1 . 2  DESIGN AND CONSTRUCTION 

Because the  design and cons t ruc t ion  of t he  Encina Power 

P l a n t  are present  i n  t h e  area as an "as b u i l t "  system, the  ecolo

g i c a l  s ign i f i cance  of these f a c t o r s  r e l a t e  t o  h i s t o r i c a l  ecolo

g i c a l  changes introduced by the  p l a n t .  Design of the  in take  

i t s e l f  has add i t iona l  ecological  s ign i f icance .  

AguaHediondaLagoon was a closed system p r i o r  t o  construc

t i o n  of the  Encina Power P lan t  (1952-1954). The e n t i r e  lagoon 

system w a s  dredged a t  t h a t  time t o  provide an adequate t i d a l  

p r i s m  f o r  cool ing w a t e r .  The middle and upper segments of Agua 

Hedionda Lagoon were dry creek bed and r i p a r i a n  areas along the  

in t e rmi t t en t  Agua Hedionda Creek, p r i o r  t o  dredging of t h e i r  

basins  which flooded them w i t h  marine waters .  This created a 

marine h a b i t a t  where l i t t l e  o r  no aquat ic  h a b i t a t  ex i s t ed .  

Because there  w a s  no aquat ic  h a b i t a t  p r i o r  t o  cons t ruc t ion ,  no 

adverse e f f e c t s  t o  aquat ic  h a b i t a t  r e su l t ed  from cons t ruc t ion  

of the  in take  system. Some terrestrial  h a b i t a t  was l o s t .  

The design of the  e x i s t i n g  in take  system permits  organisms 

t o  en ter  the  in take  system and take up residence wi th in  the  

in take  tunnels .  The bar-rack provides 7 . 6  cm ( 3  i n . )  spacing 

between ba r s .  This allows f a i r l y  l a r g e  f i s h  to pass  through 

the  bar rack i n t o  i n t a k e  tunnels .  Trave l l ing  screens are loca

ted approximately 200 m (650 f t ) ,  300 m (975 f t )  and.370 m (1,202 

f t )  downstream from t h e  bar-rack f o r  u n i t s  1-3,  4 ,  and 5 ,  respec

t i v e l y .  

e 
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Flow rates and configuration within the system are such 

that fish species can maintain themselves for some time within 

the intake tunnels ahead of travelling screens. Certain species 

that are sedentary or demersal can maintain themselves indefi

nitely. There is approximately 2 , 8 3 4  m 2 (30,500 ft2
) of area 

within the intake tunnels ahead of travelling screens in which 

fish can reside. Average depths in the tunnels are approximately 

3 m ( 8  ft). This provides the potential for substantial numbers 

of fish to reside in the tunnels. Fish species which are unable 

to maintain position against the current for a variety of reasons 

and come in contact with the travelling screens are impinged. 

Prior to installation of Unit 5 at Encina, a fish return system 

was in operation whereby impinged fish were washed from the 

screens and sluiced to the discharge tunnel for return to the 

Pacific Ocean. Fish return systems are sometimes installed in 

conjunction with travelling screens to return viable screened 

organisms to the source waters. The Encina Power Plant does not 

have a fish return system now', so all impinged organisms are 

collected for disposal. Rip-rap areas in the vicinity of 

the existing intake provide substrate for marine plant growth. 

This habitat coupled with the rip-rap areas represent, to some 

degree, an attractant to fish and invertebrate species in the 

vicinity of the entrance to the intake structure. 
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11:.3 CAPACITY (OPERATION) 

The ecological analysis of plant operations is generally 


focused on the cooling water flow through the system from trash 


rack to discharge. The cooling water system has a maximum capa


city of 828 MGD. Flows can fluctuate below the maximum capacity 


depending on how many units are on-line. 


The bar-rack at the entrance to the intake system is cleaned 

at approximatly four-hour intervals, or.as needed. A l l  marine 

plants and organisms impinged at the bar-rack are collected for 


approved disposal. Impingements at the bar-rack are predominate


ly marine plants, and ocasionally some larger sharks and rays. 


Fish impinged on travelling screens within the power plant 


system are washed off the screens and into a collecting basket. 


Approximately 79,000 fish are impinged annually during a dredge 


year (1979). Less may be expected in other years. Most of the 


impinged fish are alive when they reach the collector baskets. 


The number of impinged fish were noted to increase with increased 


f l o w .  However, the changes i n  seasonal abundance must be taken 

into account when considering this increased impingement. It is 

possible to have maximum flow and have a lower level of impinge

ment than might occur at a lower flow rate if the former occurs 

during a period of low relative fish abundance in the lagoon and 

the latter occurs during a period of high relative f i s h  abun

dance. Dredging operations in the outer lagoon segment,which 

occur approximately every two years, serve as an attractant to 
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fish species and this results in greater numbers impinged when 


dredging operations are being conducted. 


Thermal treatment to prevent biofouling of intake tunnels 

is conducted at approximately six week intervals. Thermal 

treatments are usually conducted at nighttime on weekends. The 

treatment consists of closing off the intake system near the 

bar-rack and, through a by-pass from the discharge, recircula

ting the cooling water to gradually raise the water temperature 

up to 38°C (100°F). The temperature is maintained at 38°C 

(100°F) for approximately three hours, then gradually reduced to 

normal. The entire heat treatment operation takes about six 

hours .  Fouling organisms on the tunnel surfaces are killed 

during heat treatment along with all fish resident within the 

intake system. This amounts to approximately 108,000 fish 

annually, which are removed by the travelling screens. Discharge 

of the heat treatment water at the conclusion of heat treatment 

is performed slowly to minimize f i s h  mortalities in receiving 

waters. 


The number of fish mortalities resulting from heat treat

ments is small compared to the size of the populations in the 

source waters and the numbers removed by fishing activity and 

natural losses. Experience at other cooling system installations 

indicate that biofouling predation of entrained organisms is 

quite high. Results at the Encina Power Plant indicates thermal 

treatment minimizes predation loss of entrained organisms. 
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All organisms i n  the  cool ing waters smaller  than 0.95 cm 

( 3 / 8  i n . )  pass through the  t r a v e l i n g  screens and a r e  entrained 

through the  cool ing water sys t em,  being discharged back i n t o  the  

sur f  zone on the  open coas t .  Approximately 63 percent  of these  

entrained organisms survive t h e  passage. A breakdown of t he  

var ious groups entrained w a s  given previously i n  Sect ions 10 .3 .1 ,  

and 10.3.2.  Annual m o r t a l i t y  from entrainment amounts t o  1.61~ 

10” organisms. These q u a n t i t i e s  a r e  not  considered t o  be s i g 

n i f i c a n t  from an ecological  s tandpoint  due t o  t he  high regenera

t i v e  c a p a c i t i e s  of plankton organisms and the  r e l a t i v e l y  s m a l l  

percentage of t he  t o t a l  popula t ion  entrained.  

Chlor inat ion of cool ing w a t e r  i s  conducted on a regular  

b a s i s  t o  minimize s l ime formation i n  condenser tubes.  Chlorina

t i o n  i s  conducted f o r  s i x  minutes f o r  each condenser on a t i m e d  

two-hour cyc le .  E f fec t s  of ch lo r ina t ion ,  measured a t  t h e  com

bined discharge f o r  a l l  Units ,  were found t o  be n e g l i g i b l e  on 

entrained organisms i n  most cases  during the  study. As t h e  

ch lo r ine  i s  in j ec t ed  i n t e r m i t t e n t l y  a t  t he  c i r c u l a t i n g  pump 

behind t r ave l ing  screens ,  exposure t o  nekton i s  minimized. The 

ch lo r ine  dosage i s  regulated t o  minimize r e s idua l  ch lor ine  

remaining a f t e r  condenser passage. The e f f e c t  upon organisms 

i s  minimized by ch lor ine  a p p l i c a t i o n  t o  only a f r a c t i o n  of t h e  

t o t a l  cooling w a t e r  flow. 
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REVIEW OF POTENTIAL ALTERNATIVE INTAKE 
TECHNOLOGIES FOR 

MINIMIZATION OF IXPACTS 

Various power plant intake designs have been developed or 


designed to minimize loss of organisms due to entrainment 


and/or impingement. Table 12.1-1 presents a list of the tech


nologies reviewed for this study (Appendix E, Section 1 7 ) .  

These alternatives can'be grouped into s i x  broad categories 

based upon their mode of operation: ( 1 )  behavioral barriers, 

(2) diversion devices, ( 3 )  collection systems, ( 4 )  passive 

intakes, ( 5 )  fish-return systems, and ( 6 )  other alternatives. 

These categories are briefly described below. 


1 .  	 Behavioral barriers take advantage of the natural 
behavioral characteristics of fish. Such barriers 
include, but are not limited to, electrical 
screens, air curtains, hanging chains, lights,
sound, water jet curtains, and visual keys. For 
the purpose of this review, velocity caps also are 
considered part of the behavioral barrier 
category. Since the success of these barriers 
depends solely on active fish avoidance responses,
they are not designed to reduce entrainment. 

2 .  	 Diversion devices are physical structures designed
to alter flow conditions at the intake in such a 
way that fish will be guided away from the main 
circulating water flow. Such devices include 
louvers, angled and horizontal traveling screens,
revolving drum screens, and inclined plane 
screens. Except for horizontal traveling screens,
diversion devices are potentially effective for 
diverting only juvenile and adult fin-fish. 
Equipped with a fine mesh, these devices can func
tion as both diversion and collection systems. 

3 .  	 Fish collection devices are designed to actively
collect organisms entrapped within the intake 
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TABLE 12.1-1 

LIST OF POTENTIAL ALTERNATIVE INTAKE 
TECHNOLOGIES FOR M I N I M I Z A T I O N  OF IMPACTS1 

L BAXKTERS 

E l e c t r i c a l  Screens 

A i r  Bubble Curtains 

Hanging Chains 

Lights 

Sound 

Water Jet  Curtain 

Visual Keys

Chemical 

Magnetic F ie lds  

Veloci ty  Cap Intake 


D I V E R S I O N  DEVICES 
Louvers 
Angled Traveling Screens 
Horizontal  Traveling Screens 
S ta t iona ry  Angled Screens 
Revolving Drum Screens 
Inc l ined  Plane Screens 

FISH COLLECTION DEVICES 
Fish Pumps
Fish Netting Devices 
Travel ing Water Screens 
Center -flow Screens 
Dual-Flow Screens 
Modified, Through-Flow Traveling Screens 
D r u m  Screens 
Angled Traveling Screens 
Fine Screening of Eggs, and 

PASSIVE INTAKES 
Wedge-Wire Screens 
Radial Wells 
Rapid F i l t e r  Beds 
Porous Dike 
Bar r i e r  Nets 
Fixed Screens 
Rotat ing Disc Screens 

FISH RETURN SYSTEMS 
Bypass

L i f t i n g  Basket 

J e t  Pumps

Non-Clog Centr i fugal  Pumps

Pipe l ine 


OTHER ALTERNATIVES 
Offshore in take  Locations 

Larvae 

Variable  Operating Conditions t o  Keduce Cooling
Water In take  Volume 

7 These technologies a r e  reviewed i n  d e t a i l  i n  Appendix E ,  
Sect ion 1 7 .  
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screenwell. These co l l ec t ion  devices include f i s h  
pumps and n e t t i n g  devices ,  t r ave l ing  water 
screens,  center  and dual flow screens,  drum 
screens,  angled t r ave l ing  screens,  and f i n e  
screens.  Depending upon the  s i z e  of screen mesh 
and mesh mater ia l  used, these  devices a r e  designed 
t o  c o l l e c t  f i s h  and planktonic organisms with 
varying degrees of e f fec t iveness ,  

4 .  	 Passive in takes  operate  on t h e  p r inc ipa l  of 
achieving very low withdrawal v e l o c i t i e s  a t  t h e  
screening media and on loca t ing  the in t ake  i n  a 
r e l a t i v e l y  high-velocity cross  current .  Organisms
avoid the in take  and ge t  ca r r i ed  away with the  
cross  current  flow. Passive-type in take  designs
include wedge-wire screens ,  r a d i a l  screen w e l l s ,  
r a p i d - f i l t e r  beds, porous d ikes ,  b a r r i e r  n e t s ,  
f ixed screens,  and r o t a t i n g  d i s c  screens.  
Depending upon t h e  poros i ty  of t he  f i l t e r  media, 
these technologies a r e  designed t o  be e f f e c t i v e  i n  
minimizing both impingement and entrainment 
losses .  

5. 	 Fish r e t u r n  systems a re  designed t o  r e t u r n  organ
i s m s  co l lec ted  a t  t h e  intake t o  t h e  source w a t e r  
w i t h  m i n i m a l  mor t a l i t y .  Fish r e t u r n  s y s t e m s  a r e  
ac tua l ly  components of an o v e r a l l  in take  design 
system and include by-pass systems, l i f t i n g
baskets ,  j e t  pumps, non-clog cen t r i fuga l  pumps,
and p ipe l ines .  Some in take  designs may provide
s u f f i c i e n t  head f o r  grav i ty  flow r e t u r n  via  a 
p ipe l ine  o r  sluiceway while o the r s  may r equ i r e
add i t iona l  energy (e.g., pumps) t o  br ing t h e  
organisms t o  the  r e l e a s e  poin t ,  

6.  	 Other a l t e r n a t i v e s  considered were of fshore  in takes  
and flow reduct ion designs. Offshore in takes  a r e  
designed t o  seek g r e a t e r  cooling w a t e r  e f f i c i e n c y
from deeper of fshore  waters ,  which may have lower 
d e n s i t i e s  of aqua t i c  organisms than near-shore 
loca t ions .  The ve loc i ty  cap design also w a s  con
sidered i n  conjunction with offshore in takes .  
Flow reduction systems a r e  designed to reduce 
in take  volume and v e l o c i t i e s ,  seeking a reduct ion 
i n  the  number of planktonic organisms en t ra ined  
and adu l t  f i s h  impinged. Flow reduct ion can be 
accomplished by reducing operat ion of t h e  cir
cu la t ing  water pumps (CWP) a t  s t r a t e g i c  t i m e  
per iods,  i n s t a l l i n g  va r i ab le  speed con t ro l s  on the  
CWP's, and/or i n s t a l l i n g  a closed-cycle cool ing 
system. 
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13 .O 

GLOSSARY 

AMBIENT: The environment about a body but undisturbed or un

affected by it. 

BENTHIC: Pertaining to the substratum (surface) upon which or in 

which an organism lives; pertaining to the bottom of the ocean. 

BENTHOS: Bottom-dwelling forms of marine life. 

BIOASSAY: A method of quantitatively determining the concentra

tion of a substance by its effect on the growth of ,asuitable 

organism under controlled conditions. 

BIOMASS: The weight per unit area or volume of living matter 

present in a species population or populations. 

BOD BOTTLES: Bottles used to hold water in which the Biochecmi0 
tal Oxygen Demand of anaerobic organisms is being measured. 


BONGO NET: Two conically shaped plankton nets supported side by 


side and attached at their open end to a rigid frame (see 


Figure 16 .2 -4 )  .. 

CHEMICAL EFFECTS: Chemically (chlorine and anticorrosive agents) 


induced stress and/or mortality on entrained organisms. 


CHLORINATION: The introduction of chlorine into a system to aid 


i.nthe reduction of biofouling. 


CHLOROPHYLL: Generic name for any of several (chlorophyll a, b
-
and c) oil-soluble green tetrapyrrole plant pigments which 

function as photoreceptors of light energy in photosynthesis. 
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COD END: The concentrat ing and c o l l e c t i n g  end of a conica l ly  

shaped n e t  (see Figure 1 6 . 2 - 4 ) .  

CONVERGENCE: The cont rac t ion  of a vec tor  f i e l d ;  t h e  opposi te  of 

divergence. 

CORRELATION COEFFICIENT: Normalized s t a t i s t i c  between -1 and +1 

which measures i n t e n s i t y  of a s soc ia t ion  between two v a r i a b l e s .  

I f  t h e  two va r i ab le s  are denoted by x and y ,  then t h e  cor re la 

t i o n  c o e f f i c i e n t ,  r ,  i s  given by 

r =  cxy 
'Ex2 cy2 

DELAYED MORTALITY: The l a t e n t  mor t a l i t y  exhibi-ed by entrained 

organisms a t  some designated time a f t e r  condenser passage. 

DEMERSAL: Living a t  o r  near  t h e  bottom of t h e  sea. 

DISCHARGE: The s i t e  a t  which the  cooling w a t e r  i s  re turned  t o  

the  source water .  

DIURNAL: Active during day l igh t  hours ,  having a d a i l y  cyc le ,  

recur r ing  every day. 

DIVERSITY: Number of spec ies  present  i n  a given area.-
ENTRAINNENT: Pumped passage of aquat ic  organisms through the  


cooling condensers. 


ENTRAINMENT MORTALITY: Mor ta l i ty  exhib i ted  by organisms a f t e r  


passage through t h e  condensers. 


EULERIAN COORDINATES: Any sys tem of coordinates  i n  which prop


e r t i e s  of a fluid are assigned t o  po in t s  i n  space a t  each given 


time o r  per iod.  No a t t e m p t  t o  i d e n t i f y  ind iv idua l  f l u i d  pa rce l s  


from one t i m e  t o  t he  next  i s  made i n  t h i s  system. 
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FLOWMETER: A propel le r  powered counter used t o  measure the  f l o w  

r a t e  and discharge r a t e  of a l i q u i d .  


FORK LENGTH: Measure from anterior-most extremity of the  f i s h  t o  


the  t i p  of t h e  median f i n  rays of the  t a i l .  


FORMALIN : - An aqueous so lu t ion  of formaldehyde '(HCHO) used i n  


preserving b io log ica l  samples. 


GILL NET: Typically a f ixed  n e t  which captures f i s h  when they 


become caught by the mesh of the  n e t  i n  t ry ing  t o  s w i m  through; 


f l o a t s  on top of ne t  and weighted bottom t o  keep n e t  v e r t i c a l  i n  


water column. 


HALF-METER NET: A conical ly  shaped plankton n e t  a t tached a t  i t s  


open end t o  a r i g i d  c i r c u l a r  frame one-half m e t e r  i n  diameter.  


HYPOTHESIS: A statement which i s  thought t o  be t r u e  because i t s-
consequences can be shown t o  be t r u e  and the  t r u t h  of t he  s t a t e 

ment can be t e s t e d  by sample evidence. 

ICHTHYOPLANKTON: The pe lag ic  eggs, l a r v a e ,  and less f r equen t ly ,  

the  j u v e n i l e s .  of marine f i s h e s .  

IMPINGEMENT: Occurs when f i s h  o r  o ther  aquat ic  organisms a r e  

caught o r  trapped b y  flowing water on t h e  screens used t o  remove 

debr i s  from cooling water a s  i t  en te r s  a power p l a n t .  

INITIAL MORTALITY: Mortal i ty  of en t ra ined  organisms exhib i ted  

during o r  immediately a f t e r  condenser passage. 

ISOLATION: (Contracted from ''incoming s o l a r  radiat ion")  -
genera l ly ,  s o l a r  r a d i a t i o n  received a t  e a r t h ' s  su r f ace .  
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INTAKE: The location at which cooling water from the source 


water body enters the physical structure of the power plant for 


passage through the condensers. 


IN VITRO: Pertaining to a biological reaction taking place in an 


artificial apparatus. 


ISOPLETH: A line of equal or constant value of a given quantity 

with respect to either space or time. 


JUVENILE: Individuals which are similar to adult organisms but 


are usually smaller and are not sexually mature. 


KELP STAND: Group of Macrocystis pyrifera plants attached to the 


bottom and extending to the surface. 


LAGOON: Shallow sound, pond, or lake generally near but separ


ated from or communicating with the open sea. 


LAGRANGIAN COORDINATES: A system of coordinates by which fluid 


parcels are identified for all time by assigning them coordi


nates which are invariant with time. 


LARVA: An immature stage developed from a sterlizied egg, and 


one that needs to undergo a series of form and size changes 


before assuming characteristics of adults. 


LITTORAL: That part of the shoreline between the low-tide line 


and the high-tide line. 


LOWER HIGH WATER (LHW): The lower of the two high waters of any 

tidal day. 

LOWER LOW WATER (LLW): The lower of the two low waters of any 

tidal day. The single low water occurring daily during periods 

when the tide is diurnal is considered to be a lower low water. 
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e 	 LOW TIDE (LOW WATER, LW): The minimum e leva t ion  reached by each 

f a l l i n g  t i d e .  

MEAN HIGHER HIGH WATER (M"W: The average height  of the higher 

high waters over a 19-year per iod.  For s h o r t e r  periods of obscr

va t ion ,  cor rec t ions  a re  applied t o  e l imina te  known va r i a t ions  and 

reduce the  r e s u l t  t o  the equivalent of a mean 19-year va lue .  

MEAN HIGH WATER ( M H W ) :  The average height  of the high waters 

over a 19-year per iod.  For sho r t e r  per iods of observat ions,  

cor rec t ions  a r e  applied t o  e l iminate  known v a r i a t i o n s  and reduce 

the  r e s u l t s  t o  the  equivalent of a mean 19-year va lue .  All high 

water he ights  a r e  included i n  the  average where the  type of t i d e  

i s  d i u r n a l .  So determined, mean high water i n  the  l a t t e r  case 

i s  the  same as  mean higher high water.  

-MEAN LOWER LOW WATER (MLLW): The average he ight  of t he  lower l o w  

waters over a 19-year per iod.  For s h o r t e r  periods of observa

t i o n s ,  co r rec t ions  a re  appl ied t o  e l imina te  known va r i a t ions  and 

reduce the  r e s u l t s  t o  the equivalent of a mean 19-year va lue .  

All l o w  water he ights  a re  included i n  the  average where the  type 

of t i d e  i s  e i t h e r  semidirunal o r  mixed. Only lower l o w  water 

he ights  a r e  included i n  the  average where t h e  type of t i d e  i s  

d iu rna l .  So determined, mean l o w  water i n  t h e  l a t t e r  case i s  

the same as  mean lower low water ,  

MEAN SEA LEVEL: The average height of t he  su r face  of the  sea  f o r  

a l l  s tages  of t h e  t i d e  over a 19-year pe r iod ,  usua l ly  determined 

from hourly he ight  readings.  Not necessa r i ly  equal t o  MEAN TIDE 

LEVEL. 
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MEAN TIDE LEVEL: A plan midway between MEAN HIGH WATER and MEAN 


LOW WATER. Not necessarily equal to MEAN SEA LEVEL. Also called 


HALF-TIDE LEVEL. 


MECHANICAL EFFECTS: Mechanically or abrasively induced stress 


and mortality on entrained organisms. 


NEKTON: Free-swimming aquatic animals, independent of water 


movements. 


OFFSHORE: Ocean waters, not including Agua Hedionda Lagoon. 


OTTER TRAWL: A large sack-like net with otter boards or doors 

to assist in opening the net, towed behind a boat and used in 


collecting bottom organisms, especially fish. 


PELAGIC: Pertaining to all ocean waters covering the benthic 


region and the organisms in these waters. 


PHAEOPIGMENTS: Degradation products of chlorophylls. 


PHOTOSYNTHESIS: The biological synthesis of chemical compounds 


in the presence of light. 


PHYTOPLANKTON: Microscopic plant life drifting or swimming 


freely, but weakly, in an aquatic environment. 


PLANKTON: Drifting organisms, usually microscopic, floating or 


swimming weakly in a body of water. 


PLANKTON PUMP: An internal combustion gas powered pump used to 

transport and channel sea water to and through a plankton net 

(see Figure 16.2-8) .  

POPULATION: A group of organisms, usually of the same species, 


occupying a physically defined, specific area or habitat. 
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PRIMARY PRODUCTIVITY: The rate at which energy is stored by 


photosynthesizing organisms (chiefly green plants) in the form 


of organic substances. 


RIPE: A fish that has eggs or sperm ready for fertilization. 


ROSSBY WAVE: A wave on a uniform current in a two-dimensional 


non-divergent fluid system, rotating with varying angular speed 


about the local vertical. 


SALINITY: The level of dissolved salt, principally sodium chlo


ride in the water; usually measured in parts per thousand (o/,,.). 


SEINE: A fishing net with floats along the top edge and weights 


along the bottom; usually pulled along the shoreline by hand. 


SHEAR: The variation of a vector field along a given direction 


in space. 


SPAWNING: To produce or deposit eggs, sperm, or young. 


SPECTROPHOTOMETER: An instrument that measures transmission or 


apparent reflectance of visible light as a function of wave/ 


length. 


STANDARD LENGTH: Length of fish measured from its anterior-most 


extremity to the hidden bases of the candal rays, where a groove 


forms when The tail is bent. 


SUBSTRATUM: The ocean bottom or surface on or in which an orga


nism lives. 


THERMAL EFFECTS: Thermally induced stress and mortality on 


entrained organisms. 
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TIDAL CURRENT: The alternating horizontal movement of water 


associated with the rise and fall of the tide caused by the 


astronomical tide-producing forces. 


TIDAL PRISM: The difference between the mean high water volume 


and the mean low water volume of a tidally induced body of water. 


TOTAL LENGTH: Greatest length of a fish from its anterior-most 


extremity to the end of the tail fin. 


TRAWL: A bag-like net dragged by boat along the bottom, or 

through the water. 


TURBIDITY: A cloudy apperance in naturally clear water caused by 

suspension of fine solids. 

UPWELLING: The rising of water toward the surface from sub


surface layers of a body of water. 


WATER COLUMN: In reference to the area between the surface and 


bottom of a body of water. 


WINKLER TITRATION: A chemical method for estimating the amount 

of dissolved oxygen in water. 


ZOOPLANKTON: Microscopic animal life drifting or swimming 

freely, but weakly in the aquatic environment. 
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